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Introduction 


?/unCyLplt6  0^  Ttchnology  is  an  applied  science  course  for  high  school 
vocational  students  that  is  being  developed  collaboratively  by  the  Agency 
for  Instructional  Technology  (AIT),  the  Center  for  Occupational  Research 
and  Development  (CORD),  and  a  consortium  of  33  state  and  provincial  edu- 
cation agencies  (see  Appendix  A  for  a  list  of  cooperating  agencies).  The 
course  consists  of  14  units,  each  focusing  on  a  principle  that  underlies 
today's  technology.    Each  unit  consists  of  a  student  manual,  a  teacher's 
guide,  hands-on  laboratories,  and  video  programs.    The  prospectus  for 
the  project  was  issued  in  June  of  1983;  the  initial  development  work 
began  in  November  of  1983. 

An  important  part  of  the  developmental  process  is  a  pilot  test  of 
each  unit  in  actual  classroom  settings.    The  primary  purposes  of  the 
pilot  test  are:    1)  to  determine  how  well  the  materials  are  working, 
and  2)  to  identify  specific  problems  with  the  materials.    Each  consor- 
tium agency  has  designated  2  sites  in  their  state/province  as  pilot  test 
sites.    All  pilot  test  teachers  v,ere  oriented  to  the  PnlncZplU  o{^  Jack- 
noZogy  course  and  the  pilot  test  procedures  at  one  of  two  meetings  in 
Dallas,  Texas,  held  in  the  summer  of  1984. 

The  pilot  testing  of  Unit  1,  FORCE,  began  in  most  sites  with  the 
start  of  the  1984-85  school  year.    This  report  details  the  findings  of 
the  Unit  1  pilot  test. 
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Pilot  Test  Procedures 

Unit  1  pilot  test  materials  were  mailed  to  the  teachers  in  mid- 
August,  1984.    These  materials  consisted  o£: 

1)  Prc/post-tests  (see  Appendix  B) 

2)  Computerized  scoring  sheets  for  the  pre/post-tests 

3)  Student  attitude  questionnaires  (see  Appendix  E1 

4)  Teacher  questionnaires  (see  Appendix  F) 

Teachers  administered  the  pre-test  before  any  teaching.    As  thev  taught 
the  unit,  teachers  recorded  their  reactions  to  the  unit  or.  a  detailed 
questionnaire.    At  the  conclusion  of  the  unit,  teachers  administered 
the  post-test  and  the  student  attitude  questionnaires.    All  Unit  1 
evaluation  materials  were  then  mailed  back  to  AIT,    Data  contained  in 
this  report  include  all  material  received  by  November  28,  1984. 
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Limitations  of  the  Methodology 

There  are  two  major  limiting  factors  that  must  be  considered  when 
interpreting  the  findings:    research  design  and  external  variables  beyond 
the  project's  control. 
Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  considered  including: 
*Lack  of  matched  control  groups 

The  design  allows  one  to  draw  conclusions  only  about  the  P/i^nocp£e6 
0^  Technology  course,  but  not  to  compare  these  results  to  other 
comparable  teaching  methods.    The  costs  in  terms  of  time,  resources, 
and  further  administrative  impositions  on  the  pilot  test  schools 
prohibited  the  establishment  of  matched  control  groups.    It's  also 
difficult  to  match  V^ncA^plU  0(J  Tzchnology  to  other  courses.  Would 
they  be  physics  courses  or  vocational  courses?    Thus,  in  addition 
to  the  fiscal  and  administrative  constraints,  the  matching  process 
itself  would  be  problematic. 

*The  pre-test/post-test  format 

The  same  test  was  used  for  both  the  pre-  and  postrtest.  The  effect 
of  memory  of  the  pre-test  on  post-test  performance  was  another 
concern.    The  research  design  addressed  this  concern  in  three  ways: 

1)  Students  were  not  given  the  correct  answers  to  the  pre-test. 
The  effect  of  memory  was  limited,  immediately,  to  the  nature  of 
the  questions  without  accompanying  knowledge  of  the  correct  an- 
swers. 

2)  The  post-test  was  administered  more  than  one  month  after  the 
pre-test.    In  the  intervening  time  students  had  many  experi- 
ences, both  academic  and  personal,  that  would  mitigate  the  ef- 
fects of  memory. 

3)  A  correlated  t-test  was  used  to  analyze  the  pre/post-test  data. 
This  technique  helps  to  partial  out  any  variance  that  might 
result  from  an  intruding  correlation--in  this  case  memory. 

*The  pre-post  test  as  an  instrument  (See  section  on  development  of  the 
instrument,  page  7). 

The  test  cannot  measure  all  objectives.    Therefore  objectives  had  to 
be  sampled.    Also,  the  items  do  not  always  directly   match  the  intended 
objectives.    The  test  was  a  cognitive  test.    Many  of  the  objectives, 
(particularly  the  lab  objectives)  are  psycho-motor  objectives.  Each 
of  these  factors  must  be  considered  when  assessing  the  validity  of 
the  instrument.    It's  important  to  remember,  however,  that  the  test 
is  but  one  of  several  means  being  used  to  assess  the  unit. 
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External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  re- 
sults including: 
*Equipment  problems 

Several  teachers  reported  problems  in  securing  necessary  lab 
equipment. 

*Student  characteristics 

At  this  time  the  project  does  not  have  adequate  data  to  describe 
the  students  in  the  pilot  test,  although  there-  seems  to  be  con- 
siderable variability  in  the  kinds  of  students  in  the  course. 
Attempts  have  been  made  to  collect  these  data,  which  should  be 
available  for  subsequent  units. 

*Teaching  pattern 

There  appears  to  be  considerable  variability  in  terms  of  length 
of  classes  and  number  of  class  sessions.    The  project  has  made  ' 
no  attempt  to  control  these  situations,  but  has  instead  attempted 
to  describe  the  impact  of  the  various  conditions  on  the  outcomes. 

So  both  research  design  and  external  constraints  must  be  considered 
when  interpreting  the  results.    It's  important  to  remember  that  the 
overall  pilot  test  was  designed  primarily  as  a  formative  evaluation  to 
improve  the  materials,  not  as  rigidly  controlled  research.  Nonetheless, 
the  validity  of  the  various  data  collection  procedures  must  be  con- 
sidered. 
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Sample 


Materials  were  mailed  to  a  total  of  72  sites.    At  this  time  (No- 
vember 28)  materials  have  been  returned  from  31  sites.    Due  to  missing 
data,  the  numbers  don't  always  total  31  sites.    Attempts  have  been  made 
to  contact  by  phone  each  teacher  who  has  not  returned  materials.  Even 
with  repeated  phone  calls,  it  was  not  possible  to  pinpoint  each  of  the 
non-returnees.    There  are  distinct  categories  among  the  non-returnees 
including: 


1)  State  level  delays  -  Washington  state  was  among  the  original 
72;  they  have  since  dropped  out  of  the  project  (2  sites). 
Alaska  and  Ontario  have  decided  not  to  pilot  test  the  materials 
this  year  (4  sites).    Kentucky  (2  sites)  and  Georgia  (2  sites) 
joined  the  project  late  and  haven't  begun  testing,  although 
they  have  been  sent  pilot  test  materials. 

2)  Equiprrient  problems  -    Several  sites  have  delayed  starting  the 
pilot  test  due  to  problems  in  securing  equipment.    These  problems 
have  been  of  two  types.    The  one  that  has  most  affected  the  pilot 
test  has  been  a  funding  problem;  funds  were  not  available  for 
equipment  when  the  pilot  test  began.    In  other  sites,  the  equip- 
ment was  ordered  but  had  not  yet  arrived,  so  they  delayed  start- 
ing the  pilot  test.     (As  the  attached  teacher  comments  in- 
dicate, several  sites  had  problems  with  equipment  arriving  late, 
but  not  all  of  them  delayed  starting  the  pilot  test  because  of 
it.) 

3)  School  Routine  -  The  normal  school  routine  of  several  schools 
has  resulted  in  delays.    These  routines  include  schedules  (some 
teachers,  for  example,  teach  Vn^wcAjptoAi       TzchnoZogy  every 
other  week  and  don't  expect  to  finish  Unit  1  unti]  late  November), 
time  for  achievement  testing,  conferences,  and  vacations. 

4)  Dropouts  -  One  teacher  has  left  his  school  and  one  has  dis- 
continued the  pilot  test. 

5)  Illness  -  Two  teachers  have  had  extended  illnesses.    One  was 
severely  burned  by  an  exploding  cotton  gin  and  missed  a  month 
of  school. 

Thus,  the  non-returnees  represent  a  range  of  administrative  and  *'real 
world"  problems. 
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Relevant  teacher  characteristics  include  (details  can  be  found  in  questions 

1-9  of  the  teacher -questionnaire) : 

*PhysiLS  Background 

-Almost  half  of  the  responding  teachers  (44%)  have  had  1  or  less 
college  physics  classes. 

*Mathematics  Background 

-Almost  all  teachers  (97%)  have  had  2  or  more  college  mathematics 
courses;  several  (29%)  have  had  5  or  more  college  mathematics  courses. 

*Teaching  Pattern 

-  Most  (68%)  taught  P/UncA,plu  o<J  TdchnoZogy  on  consecutive  days 

-  Most  (80%)  taught  sessions  that  were  60  minutes  or  less 

-  Several  (41%)  indicated  they  had  combined  some  classes  into  one 
session 

*Preparation  Time 

-  Over  half  (59%)  indicated  they  spent  60  minutes  or  less  preparing 
to  teach  each  unit  on  FORCE*    Another  third  (32%)  indicated  they 
spent  60-90  minutes. 

Unfortunately,  the  project  currently  doesn't  have  adequate  information 
about  the  characlieristics  of  the  602  students.    Forms  about  student 
characteristics  have  been  sent  for  both  students  and  teachers  to  complete, 
but  to  date  forms  from  only  6  classes  have  been  returned.    So,  at  this 
point  only  grade  and  sex  data  can  be  described: 
*Grade 

9=1%    10=15%    11=54%  12=21% 

*3ex 

Male=87%  Kemale=13% 
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Pre/Post-Test  as  an  Instrument 

To  understand  the  results,  one  must  first  understand  the  charac- 
teristics of  the  test  as  a  measurement  instrument,  including  the  process 
by  which  the  test  was  developed  and  what  statistical  analyses  reveal 
about  the  reliability  and  validity  of  the  instrument. 

Over  90  test  questions  were  initiated  at  CORD  by  the  content  spe- 
cialists.   In  a  collaborative  process  between  evaluators  and  content 
specialists  these  questions  were  pruned  and  revised  to  the  eventual 
30  items.    Each  item  is  tied,  as  directly  as  possible,  to  a  specific 
objective  from  Unit  1.    As  some  reviewers  have  pointed  out,  the  item/ ob- 
jective match  is  not  always  exact.    This  is  a  valid  criticism,  but  it's 
impossible  to  directly  match  items  to  objectives  because  of  the  way  the 
objectives  are  worded  (recognize,  define,  etc.)*    It's  important  to  re- 
member that  the  instrument  is  attempting  to  measure  manifestations  of 
learning,  and  often  approximations  of  objectives  are  as  good  as  cog- 
nitive test  developers  can  do.    With  only  30  items  (targeted  number  of 
items  that  can  comfortably  be  tested  in  the  available  time),  all  ob- 
jectives could  not  be  tested.    Therefore,  objectives  had  to  be  sampled. 
Generally,  priorities  for  this  sampling  were  determined  based  on  the 
relative  importance  of  the  concepts.    (A  copy  of  the  test  with  the  ob- 
jective each  item  addresses  listed  next  to  the  item  appears  in  Appendix 
B). 

So,  is  it  a  "good'*  test?    Generally,  instruments  are  judged  based 
on  reliability  (consistency,  accuracy,  dependability)  and  validity 
(roughly,  is  it  measuring  what  you  think  it's  measuring?)    The  re- 
liability (Spearman- Brown  test  of  internal  consistency)  of  this  instru- 
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ment  is  •72,  which  is  acceptable  by  most  standards.    Validity  is  a  bit 
more  complicated  to  judge.    A  factor  analysis  of  the  instrument  indicated 
almost  all  items  related  to  discrete  factors.    This  is  expected,  since 
each  ite.a  is  tied  to  a  separate  objective.    Readers  are  encouraged  to 
make  their  own  judgments  about  the  validity  of  the  instrument.  Per- 
tinent questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  1  instruc- 
tion? 
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Pre/Post-Test  Results 


A  variety  of  analyses  of  the  pre/post-test  have  been  conducted. 

The  reader  should  keep  in  mind  that  all  reported  numbers  are  mean 

scores  on  the  test,  which  contained  30  items.    The  findings  included: 

Mean  differences  -  The  overall  pre-test  mean  was  12.5.    The  overall 
post-test  mean  was  20.07.    This  increase  was  statistically  sig- 
nificant (T-test)  at  the  .01  leveU 

The  attached  graph  lists  the  pre/post-test "means  by  each  site. 

In  all  sites  but  one  the  increases  were  statistically  significant. 

(See  Appendix  C  for  graph.) 

Frequencies  -  An  examination  of  post-test  frequencies  (see  Appendix 
D)  reveals  some  interesting  findings: 

*  70^    was  scored  on  items  1,  4,  5,  6,  7,  9,  11,  12,  14,  15,  21, 
22.   23,  24,  27 

*  Less  than  70%  was  scored  on  items  2,  3,  8,  10,  13,  16,  17,  18,  19, 
20,  25,  26,  28,  29,  30 

It's  important  to  note  the  content  of  the  items  on  which  students 

scored  less  than  70%.    Several  of  these  items  (numbers  2,  8,  10,  13, 

16, .17,  18,  19,  20,  29)  relate  either  directly  or  indirectly  to  mathe-^:- 

tics  skills;  students  were  required  either  to  manipulate  a  formula  or 

remember  a  formula. 

In  terms  of  sub-units,  students  scored  less  than  70%  on: 

Mechanical  -  4  out  of  11  items 
Fluid  -  6  out  of  10  items 
Electrical  -  2  out  of  6  items 
Thermal  -  3  out  of  4  items 

ITius,  items  relating  to  mathematics  skills,  the  fluid  and  the  thermal 
sub-units,  were  the  units  on  \hich  the  students  performed  the  most  poorly. 
Variables 

The  impact  of  several  variables  on  the  students*  test  performance 
was  examined  including: 
1)    student's  sex 

1 Q 
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2)  student's  grade 

3)  teaching  pattern 

a)  consectuive  days 

b)  length  of  class  periods 

c)  combined  activities 

4)  teacher  background 

a)  physics  background 

b)  "   mathematics  background 

Tnese  variables  were  analyzed  using  an  analysis  of  covariance,  which  con- 
trolled for  pre-test  scores.    All  means  reported  below  are  for  the  post- 
test. 
*Sex 

There  were  no  statistically  significant  differences  according  to  sex. 

Males=20.22  Females=19.61 
(n=460)  (n=64) 

*Grade 

There  were  no  statistically  significant  differences  according  to  grade. 

10  (n=77)=19.74 

11  (n=296)=19.93 

12  (n=116)=21.28 

A  ,:iough  the  grade  12  mean  was  more  than  1  point  higher,  keep  in 
.  mind  that  this  statistic  controls  for  pre-test  scores,  which  means 
the  pre-test  scores  of  grade  12  were  higher  as  well. 

^Consecutive  Days 

l\fhether  or  not  the  teacher  taught  the  course  on  consecutive  days  was 
statistically  significant  (.02). 

Yes  (n=388)=20.53 
No  (n=172) =19.03 

Although  the  difference  is  only  1  1/2  points,  it  is  statistically 
significant. 

*Time  per  Session 

The  time  per  session  was  statistically  significant  (.01). 

50  minutes  or  less  (n=338) =20.00 
50-60  minutes  (n=107)=21.69 
60-90  minutes  (n=30)=20.17 
90+  minutes  (n=85)=18.28 


ERLC 


u 


11 


*Combined  Classes 

Whether  or  not  teachers  combined  class  was  also  statistically  sig- 
nificant ( .01)  • 

Yes  (n=127)=22.01 
No  (n=433) =19.50 

Since  the  above  three  variables    are  likely  to  be  related,  the 
following  charts  examine  the  variables  in  combination. 


Time  Taught  Per  Session 


LT  50 

50-60 

60-90 

90+ 

minutes 

minutes  minutes 

minutes 

Consecutive  Days 

"^296 

78 

14 

0 

20.81 

22.14 

21.07 

Not  Consecutive 

42 

29 

16 

85 

Days 

19.40 

20.48 

19.38 

18.28 

Time  Taught  Per  Session 


LT  50  50-60         60-90  90+ 

minutes       minutes     minutes  minutes 


Combined  Classes 

42 

39 

0 

46 

21.18 

22.56 

21.72 

Did  Not  Combine 

296 

68 

30 

39 

Classes 

19.74 

21.19 

20.16 

14.23 

Combined 

Did  Not  Combine 

Classes 

Any  Classes 

Taught  on 

65 

323 

Consecutive  Days 

23.05 

20.02 

Did  Not  Teach  On 

62 

110 

Consecutive  Days 

20.92 

20.48 
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t  The  top  numbers  equal  the  number  of  students  in  each  cell;   the  bottom 
number  represents  the  mean  scores. 
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Differences  appear  to  be  substantive  as  well  as  statistical. 
However,  relationships  are  not  linear  but  are  curvilinear.  That 
is,  we  cannot  say  that  as  time  per  session  increases  the  scare  will 
also  increase.    Rather,  there  appears  to  be  an  optimaTi  teaching  pat- 
tern.   Chart  1  indicates  that  the  highest  mean  scare  was  obtained  in 
classes  that  were  taught  on  consecutive  days  for  50-60  minutes.  On 
the  other  hand,  the  lowest  mean  score  in  Chart  1  is  for  students  who 
had  the  course  for  over  90  minutes  per  day  on  non- consecutive  days. 

*Physics  Background 

The  college  physics  background  of  the  teacher  was  statistically  sig- 
nificant (.01).    However,  the  data  appear   not  to  be  causative,  based 
on  an  examination  of  the  means. 

However,  as  you  can  see,  the  means  form  no  pattern  from  which  we 
can  infer  that  the  teachers'  background  in  physics  has  caused  a 
change  in  test  scores. 

0  classes  (n-116)=19.00 

1  class  (n=119)=21.8 

2-4  classes  (n=211)=19.51 
5-7  classes  (n=45)=20.38 
8+  classes  (n=69)=21.45 

*Mathematics  Background 

The  college  mathematics  background  of  the  teacher  was  not  statis- 
tically significant. 

1  class  (n=20)=20.20 
2-4  classes  (n=359)=19.71 
5-7  classes  (n=l03)=20.51 
8+  classes  (n= 78) =21. 12 

Thus,  the  mathematics  background  of  the  teacher  appears  to  have 
little  impact  on  students'  learning  gain;  physics  background  needs 
more  consideration. 
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Student  Attitude  Results 
The  student  attitude  questionnaires  (Appendix  EJ  indicated: 

-  Most  students  (80%)  liked  the  FORCE  unit  either  a  lot  (18%) 
or  a  little  (62%) 

-  The  most  appealing  components  were  the  hands  on  labs  (43%) 
and  the  video  programs  (21%) 

-  The  least  appealing  components  were  the  written  material  (39%) 
and  the  math  labs  (16%) 

-  Half  (53%)  indicated  the  material  was  not  difficult  for  them  to 
understand 

-  Most  (89%)  irdicated  they  thought  the  material  was  very  (48%) 
or  sort  of  (41%)  important  to  understand 

These  are  fairly  positive  findings.    However,  judgment  about  stu- 
dent attitudes  should  probably  be  withheld  until  data  from  subsequent 
units  are  available. 
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Teacher  Results 


Questionnaires  were  received  from  31  teachers  (2  did  not  return  a 
questionnaire).    Appendix  F,  which  lists  all  the  teacher's  comments,  ' 
should  be  carefully  examined •    Teacher  background  and  teaching  pat- 
tern have  already  been  reported  (see  "Sample,"  Page  5),  Overall, 
findings  from  the  teacher  questionnaire  included: 
*Teacher  com;fort 

Almost  all  teachers  (97%)  indicated  they  felt  comfortable  teaching  the 
material  in  the  FORCE  unit. 

*Time 

Almost  a  third  (29%)  indicated  the  26-day  plan  of  50-minute  classes 
is  probably  not  realistic  for  the  FORCE  unit.  Of  these,  8  teachers 
indicated  that  some  components  (labs,  C2,  or  math  lab,  vectors)  re- 
quired more  time. 

^Problems 

To    the  question,  "IVhat,  if  anything,  caused  you  the  most  problems 
in  teaching  the  unit  on  FORCE?"  twenty-five  teachers  responded. 
Over  half  of  these  (13)  indicated  the  labs  caused  the  most  problems. 
Some  reported  problems  getting  the  lab  equipment;  others  reported 
problems  setting  up  equipment.    Other  reported  problems  included: 

-  converting  between  SI  and  English  units  (1) 

-  too  much  reading  for  students  (1) 

-  vectors  (1) 

-  student  acceptance  of  material  (1) 

Much  of  the  specific  teacher  data  is  contained  in  the  chart  in 
which  teachers  reacted  to  each  component  of  the  unit.    The  tally  of  their 
answers  along  with  the  attached  comments  contain  a  wealth  of  information 
about  each  component. 
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Conclusions 


There  were  certainly  positive  findings  among  these  data.    As  a  form- 
ative tool,  the  developers  also  culled  much  from  these  data  that  suggested 
both  general  project  and  specific  unit  modifications.    Some  of  the  key 
findings  included: 


1)  Students  and  teachers  were  fairly  positive  about  the  FORCE 
unit. 

2)  In  all  classes  but  one,  statistically  significant  learning 
gains  took  place. 

3)  Students  performed  the  most  poorly  on  test  items  dealing  with 
mathematics,  the  fluid  sub-unit,  and  the  thermal  sub-unit. 

4)  Both  student  test  scores  when  compared  to  teachers*  reports  of 
time  spent  and  the  teachers*  own  comments  indicate  that  50-60 
minutes  per  session  is  an  optimum  time  allotment  for  many  of  the 
activities. 

5)  Teachers*  comments  indicated  the  most  problems  were  encountered 
with  the  labs.    Although  many  of  these  were  problems  securing 
the  equipment,    problems  were  also  encountered  in  understanding 
and  running  the  labs. 

6)  Many  specific  recommendations  for  changes  were  contained  in  the 
teachers  *  comments . 

As  with  most  research,  these  findings  raise  additional  issues.  Fore- 
most among  these  issues  is  determining,  if  possible,  the  impact  that  stu- 
dent characteristics  have  on  performance  in  the  course.    The  project 
will  attempt  to  collect  data  that  will  address  this  issue.    It  will  also 
be  interesting  to  see  how  the  findings  for  Unit  1  compare  to  findings  for 
subsequent  units.    Since  a  similar  evaluation  will  be  conducted  on  each 
unit,  these  data  will  be  forthcoming. 
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Cooperating  Agencies 

Alaska  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 

Vocational  and  Technical  Education  Division 

Florida  Department  of  Education 

Division  of  Vocational  Education  and  Office  of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 

Department  of  Adult,  Vocational  and  Technical  Education 

Indiana  State  Board  of  Vocational  and  Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

Kansas  State  Department  of  Education 

Occupational  and  Postsecondary  Education  Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 

Maine  State  Department  of  Educational  and  Cultural  Services 
Bureau  of  Vocational  Education/Division  of  Program  Services 

Maryland  State  Department  of  Education 

Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intermediate  School  District  916 

Mississippi  State  Department  of  Education 
Vocational-Technical  Division 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

21 
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Ohio  Department  of  Gducation 

Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and  Technical  Education 
TVOntario 

Oregon  Department  of  Education 

Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Edu  ition 
Division  of  Vocational  Educa-Uon 

South  Carolina  Department  of  Education 
Office  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  of  Education 

Division  of  Adult  and  Vocational -Technical  Education 

Virginia  Department  of  Education 
Vocational  and  Adult  Education 

West  Virginia  State  Department  of  Education 

Bureau  of  Vocational,    Technical  -^d  Adult  Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  Vocational  Education 
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PRINCIPLES  OF  TECHNOLOGY 

UNIT  I:  FORCE 
DRAFT  STUDENT  PRE/POST  TEST 


Objective  1,  page  15       1.   Force  is  best  defined  as: 


Objective  3,  page  15 


a.  a  scalar  quantity 

b.  a  push  or  pull  by  on*»  object  on  another 

c*   something  that  is  measured  only  in  degrees 
d.   a  mass 

2.   When  using  the  System  International  (SI)  measuring  system, 
mechanical  force  is  measured  in 


a .  newtons 

b.  newtons  per  square  meter  {n/itr) 

c.  pounds  p 

d.  pounds  per  square  foot  (Ib/ft^) 

Objective  5,  page  15       3.   A  net  force  means  that  all  forces  acting  on  «n  object 

a.  create  a  balanced' condition 

b.  are  in  the  same  line 

c.  create  an  unbalanced  condition 

d.  cause  the  object  to  be  in  equilibrium 


Objective  4,  page  15 


Objective  6,  page  15 


4.  Two  teams  are  in  a  tug-of-i^ar;  each  pull  on  a  rope  with 
opposite  forces  of  170  pounds.  In  this  tug-of-war,  the 
forces  on  the  rope 

a.  total  340  pounds 

b.  are  unbalanced 

c.  are  balanced 

d.  cannot  be  calculated  with  the  given  information 

In  the  following  five  questions  match  the  words  with  their 
correct  definitions.   On  your  answer  sheet  fill  in  the  let- 
ter of  the  definition  that  corresponds  to  the  numbered  word. 


contained  in  an  object 


5. 

Scalar 

A. 

6. 

Height 

B. 

7. 

Torque 

8. 

Vector 

9. 

Mass 

C. 

ERIC 


such  as  a  force  is  des- 
cribed by  both  magnitude 
and  direction 


such  as  force  is  des- 
cribed oply  by  magnitude 

D.  A  measure  of  gravitational 
pull 

E.  The  product  of  the  force 
2 A            applied  and  the  length 
^  *  of  the  lever  arm 
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Objective  9,  page  15 


Objective  7,  page  T5 


10.  A  torque  wrench  has  a  lever  arm  of  0.5  meters.  A  force 
of  20  newtons  is  applied  to  the  end  of  the  wrench  to 
tighten  a  bolt.   The  torque  applied  is 

a.  4  n-m 

b.  20  n-m 

c.  10  n-m 

d.  100  n-m 

11.  Using  the  scale  of  "one  division  =  10  lb  of  force"  the 
value  of  the  resultant  force  of  F]  and  Fg  below  is 


a.  1001b 

b.  140  lb 

c.  70  lb 

d.  50  lb 


F  2 


Objective  1,  page  75      12.   All  f  uid  systems  can  be  classified  as  either 


a.  solid  or  gfs 

b.  hydraulic  or  Liquid 

c.  hydraulic  or  pneumatic 

d.  pneumatic  or  gas 

Objective  2,  page  75      13.   The  density  of  a  substan^^e  is  defined  as 

a.  the  mass  of  that  substance  times  the  voluine  of  that  substance 

b.  the  area  of  that  substance  times  the  mass  of  that  substance 

c.  the  mass  of  that  substance  divided  bv  the  volume  of  that 

substance 

d.  the  area  of  that  substance  divided  by  the  volume  of  that 

substance 


Objective  3,  page  75 


14.   The  density  of  gold  Is  19.3  gm/cm^.   What  is  the  specific 
gravity  of  nold? 

a.  19.3  gm, 

b.  19.3  cm"^ 

c.  19.3 

d.  cannot  be  computed  with  the  given  information 


Objective  4,  page  75      15.   Which  of  the  following  best  defines  buoyant  force? 


a.  Th?  apparent  weight  of  an  object  placed  In  a  fluid 

b.  The  upward  force  on  an  object  equal  to  the  weight  of  the 

fluid 

c.  The  mass  of  an  object  when  placed  in  water 

d.  any  fluid  force 


Objective  5,  page  75      16.   Pressure  In  fluids  is  defined  as 

a.  force  times  area 

bo  force  divided  by  area 

c.  force  times  volume 

d.  force  divided  by  volume 
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Objective  5,  page*  75 


!?•   Pressure  is  a 


Objective  8,  page  75  18, 


vec  Jr  quantity 
scalar  quantity 


a. 
b, 

c.  resultant  of  two  vectors 

d,  liquid  force 

An  autonwbilc  tire  gage  reads  30  PSI  at  sea  level.  Inside 
the  tire,  the  trapped  air  pushes  outward  on  each  square 
inch  of  tire  wall  with  a  force  of  44,7  lbs.   This  44.7 
PSI  is 


a.  gage  pressure 

b.  atmospheric  pressure 

c.  buoyant  force 

d.  absolute  pressure 


Objective  7,  page  75      19.    If  1  ft^  -  144  in^  what  is  a  pressure  of  6240  Ib/ft^  equal 

to  in  pounds  per  square  inch  (PSI)? 


a. 
b. 
c. 
d. 


43.3  PSI 
433  PSI 
898  PSI 
898.56  PSI 


.Objective  11,  page  75  20. 


Objective  14,  page  75  21 


What  must  exist  between  different  points  in  a  fluid  system 
for  liquids  or  gases  to  move  in  that  system? 

a.  a  pump 

b.  temperature  stability 

c.  no  resistance 

d.  pressure  difference. 

A  technician  usually  measures/controls  pressure  in  a  fluid 
system  with  

a.  gages/thermocouplers 

b.  reducers/valves 

c.  thermometers/thermostats 

d.  gages/valves 


Objective  1,  page  123     22.   A  DC  curreni 


a.  is  produced  by  an  alternator 

b.  moves  back  and  forth  in  the  wires 

c.  always  moves  in  one  direction 

d.  both  a  and  b  are  correct 
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Objective  2,  page  123    23.   The  most  common  source  of  DC  voltage  is 


a.  a  DC  battery 

b.  a  220  outlet 

c.  an  alternator 

i.  an  automobile  battery 


Objective  6,  page  123    24.   Voltage  is  considered  a  force-like  quantity  because  it 


a.  moves  electrons  through  a  circuit 

b.  forces  conductors  to  move 

c.  is  found  in  electrical  circuits 

d.  all  of  the  above 

Objective  7,  page  123    25.   Which  of  the  following  is  not  a  type  of  voltmeter 

a-   panel-  meter  - 

b.  ohmmeter 

c.  digital  multimeter 

d.  oscilloscope 

Objective  3,  page  123    26.    In  the  electrical  circuit  with  parallel  loads  shown  below 

when  the  switch  is  closed  Vb  is  equal  to 


a. 
b. 
c. 
d. 


Vl  '  V2 


Objective  1,  page  161     27.   Heat  always  moves  from  regions  of 

a.  extreme  temperatures 

b.  lower  to  higher  temperatures 

c.  higher  to  lower  temperatures 

d.  low  to  high  energy 

Objective  3,  page  161     28.   Temperature  is 

a.  a  vector  quantity 

b.  a  measure  of  energy 

c.  the  presence  of  heat 

d.  all  of  the  above 


Objective  6,  page  161 


29.   The  temperature  inside  a  house  is  70°  F.   Outside  the 

house  the  house  the  temperature  is  30°  F.  The  temperature 
difference  (AT)  is 

a.  40F° 

b.  40°F 

c.  lOOpO 

d.  100°F 
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Objective  7,  page  161    30.   A  thermocouple  is  a  device  that  relates  a  temperature 

change  to  a  measurable  physical  change.  The  physical 
change  is 

a.  change  in  length  of  solid  -terial 

b.  change  in  electrical  property  of  a  material 

c.  change  in  JF  as  compared  to  "C 

d.  change  in  °C  as  compared  to  °F 
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Mean  Scores  by  Site 


ERIC 


29 


AVERAGE 
SCORE 
OF  THE 
CLASS 


28 
27 

26 
25 

24 
23  A 
22 
21 
20 
19 
18 
17 
16 
15 
1  4 
13 
12 
1  1 
10 

9 

8 

7 


PRINCIPLES  OF  TECHNOLOGY 

PRE-TEST  VS.  POST -TEST  UNIT  ONE 


/ 


POST-TEST  SCORES 


A 


/ 


/ 


./ 


/ 


\  / 
V 


/ 


PRE-TEST  SCORES 


T — I — I — I — I — I — r 


Tn — I — r 


rn — I — I — I — I — rn — i — i  i  i  r 


56  58  28  8  57  21  62  55  12  23  ^)2  9  3810  331325  1517  27  5  6  63  6030  32  1136187  ^6 

TEACHER   ID.  NUMBERS 
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Appendix  D 
Pre/Post-Test  Frequencies 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  I:  FORCE 
STUDENT  TEST 


Pre  Post 


1.   Force  is  best  defined  as 


3.9  3.6  a.  a  scalar  quantity 

91.8  95.0  *b.  a  push  or  pull  by  one  object  on  another 

1.1  1.1  c.  something  that  is  measured  only  in  degrees 

3.2  0.2  d.  a  mass 

2.  When  using  the  System  International  (SI)  measuring  system,  mechanical 
force  is  measured  in 

25.5  45.2  *a.  newtons 

42.2  46.6  b.  newtons  per  square  meter  (n/m^) 
9.0  1.2  c.  pounds  ^ 

23.1  6.9  d.  pounds  per  square  foot  {Ib/ft^) 

3.  A  non-zero  net  force  means  that  all  forces  acting  on  an  object 

35.6  29.5       a.   create  a  balanced  condition 

14.3  9.5       b.   are  in  the  same  line 

27.7  32.6     *c.   create  an  unbalanced  condition 

22.4  28.4       d.   cause  the  object  to  be  in  equilibrium 

4.  Two  teams  are  in  a  tug-of-war;  each  pulls  on  a  rope  with  opposite 
forces  of  170  pounds.    In  this  tug-of-war,  the  forces  on  the  rope 

26.7  15.5       a.    total  340  pounds 

4.3  4.1        b...  are  unbalanced 
55.3  73.5  *c.   are  balanced 

12.9  6.9       d.   cannot  be  calculated  with  the  given  information 

In  the  following  five  questions  match  the  words  with  their  correct  de- 
finitions.  On  your  answer  sheet  fill  in  the  letter  of  the  definition  that 
%  Correct  corresponds  to  the  numbered  word. 


Pre 
40. 

"9 

Post 
75.4 

5. 

Scalar  (c) 

47. 

6 

70.6 

6. 

Weight  (0) 

50. 

4 

75.0 

7. 

Torque  (E) 

31 . 

8 

60.6 

8. 

Vector  (B) 

55 . 

2 

72.5 

9. 

Mass  (A) 

A.  The  total  amount  of  matter  contained 
in  an  object 

B.  A  physical  quantity  described  by  both 
magnitude  and  direction 

C.  A  physical  quantity  described  only 
by  magnitude 

D.  A  measure  of  gravitational  pull 

E.  The  product  of  the  force  applied 
and  the  length  of  the  lever  ana 


(See  back  of  this  page  for  questions  10-16) 
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10.  A  torque  wrench  has  a  lever  arm  of  0.5  meters.  A  force  of  20  newtons 
is  applied  to  the  end  of  the  wrench  to  tighten  a  bolt.  The  torque 


'  applied  is: 

31 .1  26.5    ■■  a.   4  n  in 

14.2  3.2  ■  b.  20  n  m 
34.1  56.8  *c.  10  n  m 
19.4    13.1        d.    100  n  m 


11.   Using  the  scale  of  "one  division  =  10  lb  of  force'  the  value  of  the 


18.3 
15.2 
36.6 
29.5 


5. 

5 

a. 

100  lb 

6. 

3 

b. 

140  lb 

17. 

6 

70  lb 

70. 

5 

*d. 

50  lb 

,  r  •«  ^'  ^olid  Or  gas 

tt  r,    lo*?  ^'  hydraulic  or  liquid 

fl  1      ?  R  *^*  Mraulic  or  pneumatic 

'  d.  pneunatic  or  gas 


12. 

All 

3.2 

a. 

15.0 

b. 

78.3 

*c. 

3.5 

d. 

13. 

The 

57.3 

*a. 

12.2 

b. 

19.3 

c. 

11.2 

d. 

The  daneity  of  a  substance  is  defined  as 

?n*i  il'l  *u*  2®  ""^^  °^  substance  divided  by  the  volume  of  that  substance 

31  ?  iQ^  ^  °^  substance  times  the  mass  of  that  substance 

23  0  n  9  a'  ^^^^  °^  substance  times  the  volume  of  that  substance 

c^.yj  11.6  d.  the  area  of  that  substance  divided  by  the  volume  of  that  substance 

14.   What  must  exist  between  different  points  in  a  fluid  system  for  liquids 
or  gases  to  move  in  that  system? 


^I'l     l'^  a.  equal  pressure 

,c  n     i  c  ^'  temperature  stability 

?    o?'c  ^*  "°  resistance 

bb.j    04.5  *d.  pressure  difference 

15.  Which  of  the  following  best  defines  buoyant  force? 

44*9    7q*fi  *t'  J'e  apparent  weight  of  an  object  placed  in  a  fluid 

22*5      7*q  °*  2®  ^^^^^^  °°  ^"  o^'J'^ct         to  the  weight  of  the  fluid  displaced 

ifi  n     ^?  c.  The  mass  of  an  object  when  placed  in  water 

^'^  d.  Any  fluid  force 

16.  Pressure  in  fluids  is  defined  as 

20.5  28.9  a.  force  times  area 
10.9    35.3  *b.  force  divided  by  area 

46.6  25.0  c.  force  times  volume 
21.3    10.8  d.  force  divided  by  volume 
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Pre  Post 

.17.  Pressure  is  a 

22.0  22.9       4*   vector  quantity 

25.8  37.9  scalar  quantity 

27.7  12.1  ..  c.  resultant  of  two  vectors 
24.4  26.9  .        liquid  force 

18.  An  automobile  tire  gage  reads  30  PSI  at  sea  level.  Inside  the  tire,  the 
trapped  air  pushes  outward  on  each  square  inch  of  tire  wall  with  a  force 
of  44.7  lbs.   This  44.7  PSI  is 

17.3    20.6       a.   gage  pressure 

27.8  20.1        b.   atiflospheric  pressure 
13.3     5.5       c.   buoyant  force 

41  .5    53.9     *d.   absolute  pressure 

2  2  0 

19.  If  1  ft  •  144  in  .-what  is  a  pressure  of  6240  Ib/ft^  equal  to  in  pounds 

per  square  inch  (PSI)? 


25.  0  56.  7  *a.  43.3  PSI 

24.1  12.2  b.  433  PSI 

33.1  18.6  c.  898  PSI 

17.4  12.5  d.  898.56  PSI 


20.   The  density  of  gold  is  19.3  gm/cm^.   What  is  the  specific  gravity  of  gold? 


16.7  18,2 
14.6  14,2 


a.  19.3  gni- 

■  b.  19.3  cm"* 

1  1  .0    37.2      *c.  19.3 

.  56.7    30.3       d.  cannot  be  computed  with  the  given  information 

21.  A  technician  usually  measures  pressure  in  a  fluid  system  with 

18.7  14.6       a.  valves 

8.6     5.3       b.  thermostats 

9.0  6.9       c.  thermometers 
.  63.4    73.2  gages 

22.  A  DC  current 

7.1  1.8       a.   is  available  in  a  wall  socket 
10.2     6.9       b.  moves  back  and  forth  in  the  wires 

55.8  83.5     *c.   always  moves  in  one  direction 

26.6  7.9       d.   both  a  and  b  are  correct 

23.  The  most  conmon  source  of  DC  voltage  is 

7.1      6  9       a.   a  toaster 

12.9  i.*8       b.   a  220  outlet 

24.7  5.8       c.   a  home  wall  socket 

54.8  85^4      *d.   a  DC  battery 

24.  Voltage  is  considered  a  force-like  quantity  because  it 

36.6    70.5  *a.  moves  electrons  through  a  circuit 

•  7.6     2.5  b.  moves  conductors  in  circuits 

9.1     3.0  c.  is  found  In  electrical  circuits 

24.0  4..  all  of  the  above 

cKJC  So 


16.8 
22.7 
18.5 
41.9 


27.1 

40".  4 
18.3 
14.2 


11.3 
30.8 
43.2 
14.7 


6.9 
21.3 
23.2 
48.2 


18.8 
71.1 
4.0 
5.9 


26.5 
34.1 
25.7 
13.7 
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"25.  Which  of  the  following  is  not  a  type  of  voltmeter 

17.4  a.  panel  meter 

54.4  *b.  ohwneter 

5.3  •■  c.  digital  multimeter 

22.9  ■   d.  oscilloscope 


23.3 
63.5 
9.7 
3.5 


26.   In  the  electrical  circuit  with  parallel  loads  shown  below  when  the  switch 
is  closed  V„  is  equal  to  r^,^..n- 

a.    Vi  +  Vg 


y^^  and  Vg 


*  b. 

c.  Vi  -  Vg 

d.  Vi/Vg 


it 


I 

.1 


27.  Heat  always  moves  from  regions  of 

2.3  a.  extreme- temperatures 

13.4  b.  lower  to  higher  temperatures 

81.8  *c.  higher  to  lower  temperatures 

2.5  d,  low  to  high  energy 

28.  Tenperature 

10.3  a.  is  a  scalar  quantity 

18.8  b.  is  a  measure  of  molecular  motion 

14.2  c.  depends  on  the  presence  or  absence  of  heat 

56.8  *d.  all  of  the  above 


29. 


The  temperature  inside  a  house  is  70°F.  Outside  the  house  the  tem- 
perature is  30"f.    The  temperature  difference  (AT)  is 


55.2 
38.1 
2.1 
4.6 


*a.  40E" 

b.  40T 

c.  100F° 

d.  1C0°F 


30.   A  thermocouple  is  a  device  that  relates  a  temperature  change  to  a 
.measurable  physical  change.    The  physical  change  is 


10.8 
60.5 
20.5 
8.3 


a. 
*b. 


change  in  length  of  solid  material 

change  in  electrical  property  of  a  material 

c.  change  in  "f  as  compared  to  "c 

d.  change  in  Oc  as  compared  to  °F 
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Student  Attitude  Data 
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PRINCIPLES  OF  TECHNOLOGY 
STUDENT  AHITUDE  QUESTIONNAIRE 


Sex:  13_  Female    87_  Male 

Grade:   J_  9    JS^  10    6£_  11     21_  12    Adult  =  1 

1.  Overall,  did  you  like  the  unit  on  FORCE? 
_18_yes,  a  lot  14_  no,  not  very  much 
_62_yes,  a  little             _6_  no,  not  at  all 

2.  What  component  did  you  like  most  in  the  FORCE  unit? 

4  the  written  material 
the  video  programs 
~~5"  the  math  labs  more  than  1  =  9 

the  hands  on  labs 
I  a  no  preference 

3.  What  component  did  you  like  least  in  the  FORCE  unit? 

39  the  written  material 
 9_  the  video  programs 

16  the  math  labs  more  than  1  =  9 

"7  the  hands  on  labs 
TT  no  preference 

4.  Was  the  material  that  was  covered  in  the  FORCE  unit  difficult  for  you 
to  understand? 

8  yes,  most  of  the  material  was  difficult  for  me  to  understand 
"3^ yes,  some  of  the  material  was  difficult  for  me  to  understand 
no,  most  of  the  material  was  not  difficult  for  me  to  understand 

5.  Do  you  think  the  material  in  the  FORCE  unit  is  important  for  you  to 
understand? 

_48_yes,  very  important  _i_  no»  not  very  important 

JJ_yes,  sort  of  important  __4.no,  not  at  all  important 

THANK  YOU  I 
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Appendix  F 
Teacher  Data  and  Conunents 
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All  numbers  m  ^ 


PRINCIPLES  OF  TECHNOLOGY 
UNIT  I:  FORCE 
TEACHER.  QUESTIONNAIRE 


N=3l         Did  you  teach  Principles  of  Technology  on  consecutive  days  for  26  days? 
68  yes     ^32^  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 

See  attached  conmients 


N=3l    2,   How  much  time  per  session  did  you  teach? 

58  50  minutes  or  less  7  60-90  minutes 

^22.  50-60  minutes  90+  minutes 

N=29    3*    Did  you  combine  any  classes  into  one  session  (for  example,  teach 
classes  CI  and  C2  in  one  session)? 

41  yes  no 

If  yas,  which  classes  did  you  combine? 

See  attached  comments 


N=3i    4.   Based  on  your  experiences,  do  you  think  the  26-day  plan  of  50- 
minute  class  sessions  is  realistic  for  the  unit  on  FORCE? 

_L6.yes,  definitely  ^26.       probably  not 

^yes,  probably  definitely  not 

If  no,  please  explain: 

See  attached  comments 


}y;=3l    5.   On  average,  how  much  time  did 
class  in  the  unit  on  FORCE? 

^0-  0-30  minutes 

■;q  30-60  minutes 

7.7  60-90  minutes 
Conments: 

See  attached  comments 


spend  preparing  to  teach  each 

5  90-120  minutes 
_      120-180  minutes 
5  180  or  more  minutes 

40 
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N=30   6.   Overall,  did  you  feel  confortable  teaching  the  material  in  the 
unit  on  FORCE? 


_4£yes,  very  comfortable 
55  yes,  sort  of  comfortable 
If  no,  please  specify: 

See  attached  comments 


^  no,  not  very  comfortable 
no,  not  at  all  comfortable 


7.   What,  if  anything,  caused  you  the  most  problem?  in  teaching  the 
unit  on  FORCE? 

See  attached  comments 


N=3i    8.   How  many  physics  courses  did  you  take  in  college  (undergraduate  and 
graduate)? 


70  none 

-ZZ.  1 
^2-4 


_UL  5-7 
12  8  or  more 


N=3i    9.   How  many  math  courses  did  you  take  in  college  (undergraduate  and 
graduate}? 


 none 

5  1 
68  2-4 


Ii.5-7 

Tfi   8  or  more 


10.    Do  you  have  any  other  comnents,  concerns,  or  suggestions  for  the 
unit  on  FORCE? 

See  attached  comments 
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The  following  chart  lists  each  activity  for  the  unit  on  FORCE 
down  the  left  column.  Since  there  are  no  materials  specifically  for 
the  ^ub-unit  review  classes,  these  classes  have  not  been  listed  in 
the  chart.   Fcr  each  activity,  you  should  respond  to  the  following 
questions  by  circling  "yes"  or  "no": 

1)  Was  the  material  (readings,  labs,  or  videos)  appropriate 
for  your  students?  Was  the  material  at  the  right  grade 
level?  Was  the  amount  of  material  appropriate  for  your 
students?  For  any  no  responses,  please  use  the  attached 
pages  to  describe  your  concerns. 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction 

in  the  SO-minute  time  period?   (Since  this  question  doesn't 
apply  to  the  video,  no  response  options  have  been  provided 
for  the  colunn.   Please  do  respond,  however,  to  the  other 
questions  about  the  video.)   For  any  no  responses,  please 
use  the  attached  pages  to  describe  why  you  could  not  com- 
plete the  material  and/or  what  you  chose  to  delete. 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?  For 
any  yes  responses,  use  the  attached  pages  to  specify  the 
errors  and  recommended  corrections. 

4)  Were  there  any  problems  managing  the  activity?   For  the 
labs,  were  all  your  students  able  to  rotate  through  the 
labs?   Did  you  experience  any  problems  coordinating  the 
activity?   For  any  yes  responses,  use  the  attached  pages 
to  specify  the  problems  you  had  and,  if  possible,  sug- 
gest changes  that  you  feel  would  enable  you  to  more  easily 
manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material? 
For  any  yes  responses,  use  the  additional  pages  to  specify 
your  suggestions.   Include  in  this  section  any  "teaching 
tips  —special  procedures  you  used  or  means  you  discovered 
to  more  easily  convey  the  information  to  students.  Include 
in  this  section  any  comments  you  may  have  for  the  Teacher's 
Gui  de . 


Ue  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  most  importantly,  to  write  down  your  comments.    If  you  need 
more  space  for  comieiits,  use  the  back  of  the  comments  pages  and/or  attach 
additional  sheets. 
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Ccfunents  for  CO  CI 

See  attached  comments 
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Conronts  for  Videos 
Overview  Video:    see  attached  comments 

Mechanical  Systems  Video;   See  attached  comments 
Fluid  Systems  Video:    see  attached  comments 
Electrical  Systems  Video:    See  attached  comments 

Thermal  Systems  Video    See  attached  comments 

Summary  Video:   See  attached  comments 
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Consients  for  CI  Classes 


K.chan1cal  Systenss  CI:  see  attached 


comments 


Fluid  System  CI:    gee  attached 


comments 


Electrical  Systems  CI:  see  attached 


comments 


Themal  Systems  CI:  see  attached 


comments 


ERIC 


47 


43 

Cossaents  for  C2  Classes 
Mechanical  Systeas  C2:  see  attached  comments 


Fluid  Systems  C2:    See  attached  comments 


Electrical  Systems  C2:  see  attached  comments 


Thermal  Systems  C2:    see  attached  comments 


ERIC 


48 


44 


Coprents  for  Hath  Lab  Classes 


Mechanical  Systess  Math  Lab:  see  attached  comments 


Fluid  Systems  Math  Lab:  see  attached  comments 


Electrical  Systems  Math  Lab:    see  attached  comments 


Thermal  Systems  Math  Lab:  see  attached  comments 
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Connents  for  Lab  1  Classes 

Mechanical  SystenS  Lab  1:  see  attached  comments 


Fluid  Systems  Lab  1: 

See  attached  comments 


tlectritHi  Systems  Ub  1:  see  attached  comments 


Thermal  Systeirs  Lab  It    see  attached  comments 


er|c 
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4& 

Conments  for  Lab  2  Classes 

Mechanical  SystesS  Lab  2:  see  attached  comments 


Fluid  Systems  Lab  2:  See  attached  comments 


Electrical  Systetns  Lab  2:  See  attached  comments 


Thermal  Systems  Lab  2:  See  attached  comments 
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Connents  for  Sunwary  Class 

See  attached  comments 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  I:  FORCE 
TEACHER  QUESTIONNAIRE  RESPONSES 


QUESTION  1  COMMENTS 

Did  you  teach  Principles  of  Technology  on  consecutive  days  for  26  days? 
If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 

U    Four  days  a  week#  (#63) 

2.    We  covered  the  material  In  23  days.  (#07) 

3t    Five  double  periods,  alternate  weeks.  (#30) 

4.  Two  days  a  week,  1  hour,  50  minutes  per  day.  ^13) 

5.  Three  hours  first  day,  two  hours  second  day.  (#23) 

6.  Extended  Mechanical  section  to  8  days.  (#06) 

7.  The  labs  ware  not  done  because  the  equipment  was  late  coming  In  and 
no  surface  to  set  up  on.    98/5  of  equipment  Is  here  now  and  demo 
and  lab  areas  will  be  In  place  first  week  of  November.    Bad  time  of 
year;  PSAT,  SAT,  CTBS,  CAT,  etc.  (#38) 

8.  Generally  with  a  day  or  two  skips.  (#08) 

9.  Three  days  a  week.  (#25) 

10.  An  average  of  three  days  a  week.  (#57) 

11.  Approximately  4  days.  (#28) 

12.  Except  for  sick  days  and  conference  days.  (#15) 

13.  One  or  two  days  per  week.  (#58) 

14.  Every  other  day.  (#11) 
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QUESTION  3  COMMENTS 

Did  you  combine  any  classes  Into  one  session  (for  example,  teach  classes 
CI  and  C2  In  one  session)?    If  yes,  which  classes  did  you  combine? 

1.  Math  labs  were  given  as  homework  or  cofnblned  with  C2.  (#07) 

2.  1  combined  CI  and  C2  In  all  subunlts.  (#30) 

3.  C1-C2  and  math,  both  labs  In  one  day  and  review.  (#13) 

4.  CI  and  C2  in  Elecfv^lca!.  (i?05) 

5.  Electrical.  (#60) 

6.  Electrical,  (#55) 

7.  Ct  and  C2,  CI  and  LI.  (#45) 

8.  Math  department  handled  math  laDs,  so  I  was  able  to  spread  CI,  C2  over 
three  days.  (#56) 

9.  Temperature  and  electricity.  (#57) 

10.    Different  ones  at  different  times.    Not  In  any  specific  order.  (#28) 
IK    CI  and  C2  of  Electrical  sub-unit.  (#15) 
12.    01  and  C2.  (#11) 
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QUESTION  4  COMMENTS 

Based  on  your  experiences,  do  you  think  the  26-day  plan  of  50-mInute 
class  sessions  Is  realistic  for  the  unit  on  FORCE? 

lo    I  found  that  four  days  were  more  than  sufficient.    This  may  be  a  clue 
to  the  manner  In  which  my  labs  were  conducted.  (#63) 

2.  If  students  will  do  outside  class  reading,  yes.    Unless  homwork  Is  en- 
forced diligently,  plan  will  not  work.  I.e.,  reading  assignments.  (#17) 

3.  More  time  for  labs,  1  more  day  each  lab.  (#62/ 

4.  Most  of  the  Math  Labs  (tho^ie  In  Fluid,  Eletrlcal,  Thermal)  are  too  short 
to  last  a  whole  class  session.    Many  of  the  labs  do  not  take  up  a 
whole  class  session  I.e.,  Density  of  Fluids,  LI  In  Electricity,  LI  and 
L2  In  Thermal.  (#37) 

5.  Vectors  needs  a  day  of  Its  own,  plus  math  lab  plus  lab,  (#06) 

6.  Some  days  required  more  lab  time.  (#55) 

7.  There  needs  to  be  a  little  more  time  In  C2.    For  mechanical  and 
fluid  sub  units.    This  may  correct  when  l^m  able  to  do  the  LI  and 
L2o  (#38) 

8.  If  you  combine  some  of  the  classes  like  CI  and  C2,  or  CI,  C2  and  Lab, 
It  would  be  realistic,  (#45) 

9.  There  Is  ,'ust  too  much  material  to  assimilate,  unless  you  have  an 
exceptional  group,  (#56) 

10.    Some  material,  especially  at  first,  required  more  than  one  day.  (#08) 
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QUESTION  5  COMMENTS 

On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  In 
the  unit  on  FORCE? 

t.    Most  time  Is  spent  In  setting  up  and  obtaining  equipment.  (#63) 

2o    With  homework  connected  with  checking  and  recording  papers  and 
preparing  demonstrations  and  lab  exercises.  (#18) 

3.  Subsequent  prep  time  will  be  lower.    Not  a  major  drawback.  (#30) 

4.  Would  need  less  time  next  time.  (#32) 

5.  I  feel  I  had  an  advantage  because  of  my  knowledge  of  physics.  (#05) 

6.  I  was  spending  most  of  the  time  to  prepare  other  materials  like  trans- 
parencies or  formulas  for  Interested  students.  (#45) 

7.  Lab  preparation  obviously  took  longer  because  materials  needed  to  be 
located,  ordered,  assembled,  etc.  (#56) 

8.  This  Is  not  easy  to  teach  without  a  lot  of  prep  time.  (#08) 

9.  Would  like  to  have  more  In  depth  videos  and  transparencies  would  hleo 
In  the  CI  and  C2  parts.  (#28) 
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QUESTION  6  COMMENTS 

Overall,  did  you  feel  comfortable  teaching  the  material  In  the  unit  on 
FORCE?    If  no^  please  specify, 

t.    Became  more  comfortable  on  Subunlts  3  and  4  when  pace  of  material  slowed, 
(#:50) 


2.    Only  problem  I  felt  was  that  not  every  class  session  was  a  full  50 
minutes,  (#37) 


3,  I  was  able  to  handle  It  well  with  a  little  help  from  our  physics 
teacher  and  math  teacher.    This  In  the  form  of  review  and  explanation 
of  some  points.  (#38) 

4,  But  I  really  had  to  hurry,  (#56) 

5,  The  standards  were  kind  of  low  for  most  of  the  students  (like  12th 
graders),  so  I  was  doing  a  little  extra  for  those  who  needed  It,  (#45) 

6,  Lab  equipment  was    not  available,  (#25) 
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QUESTION  7  COMMENTS 

What,  Jf  anything,  caused  you  the  most  problems  In  teaching  the  unit  on 
FORCE? 

1.  Being  a  physics  teacher  I  had  trouble  staying  within  the  FORCE  unit. 
Many  student  questions  covered  material  beyond  the  FORCE  unit  as 
presented.  (#07) 

2.  Converting  between  SI  and  Englfsh  units  (I'm  rusty  and  students  didn't 
know).  (#17) 

3.  Inaccuracy  of  scale  readings  -  scales  were  at  an  angle  to  the  string 
and  chain  giving  wrong  readings  on  the  force  board  lab.    I  used  a 
fish  scale  as  suggested.    Most  of  the  force  graphs  were  off  as  a 
result.  (#18) 

4.  Early  stress  of  material  was  very  Intense.    Sub  units  3  and  4  were  weak 
on  material.    Kids  tended  to  be  off-balance  and  to  some  extent  still  are. 


5.  Too  much  reading  for  students.    They  lost  Interest.    Did  not  want  to  read 
outside  of  class.  (#13) 

6.  We  were  unable  to  do  any  of  the  labs  except  for  the  first  two  labs  on  the 
mechanical  system.    At  present  our  funding  for  the  course  has  been  re- 
ceived, but  yet  the  money  has  not  been  forthcoming.  (#09) 

7.  All  lab  equipment  not  here,  subbing,  borrowing,  etc.  (#62) 

8.  Our  equipment  shipments  from  Sargent-Welch  have  been  full  of  back  order. 
I  felt  frustrated  with  the  equipment  (especially  for  Fluid),    It's  been 
the  llttN  things  about  the  equipment  that  bug  me  I.e.,  wrong  clamp 

or  wrong  tubing,  no  more  banana  clips,  still  waiting  and  more.  Still 
don't  have  the  pulleys  for  the  first  experiment  In  WORK.  (#37) 

9.  The  labs  because  of  lack  of  equipment.  (#05) 

10.  Equipment  delays.    Coming  up  with  good  examples  for  each  system.  (#32) 

11.  Developing  student  Interest.    Create  a  feeling  of  concern.  (#23) 

12.  All  lab  materials  were  not  available  or  were  not  adequaie.    We  made  the 
mistake  of  relying  on  Sargent-Welch  to  fulfill  a  commitment.  (#36) 

13.  The  new  formulas  of  physics.  (#10) 

14.  Getting  equipment  on  time  for  lab  section.  (#21) 

15.  Learning  how  to  explain  a  known  concept  so  the  students  could  under- 
stand.   Mostly  how  to  manipulate  the  numbers,  I'm  really  surorlsInQ 
myself.    (#38)  ^  ^ 

16.  We  didn't  have  the  equipment  for  the  unit  In  time,  so  It  slowed 
the  pattern.  (#60) 

17.  Preparing  lab  materials.    (#55)  5g 
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18.  For  some  reason  I  felt  If  tho  videos  were  shown  after  the  lecture, 
they  would  have  been  more  clear  and  understandable  for  the  students, 
(#45) 

19.  Just  the  pressure  to  complete  It  In  26  days,  I  could  not  have  done  It 
all  with  the  math  labs.  (#56) 

20.  Wor'ctng  with  vectors.  (#08) 

21.  Time  and  lack  of  equipment.  (#25) 

22.  Student  acceptance  of  material  covered.  (#57) 

23.  Equipment  not  sent  on  time,  even  though  we  ordered  well  before  school 
started.  (#28) 

24r    Lack  of  equipment  (which  you  have  no  control  over).  (#15) 

25.    Trying  to  get  a  good  grasp  of  the  subject  before  the  presentation. 
(#11) 
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QUESTION  10  COMMENTS 

Do  you  have  any  other  comments,  concerns,  or  suggestions  for  the  unit 
on  FORCE? 

1.  I  feel  the  labs  can  be  combined  and  put  In  a  real  life  setting.  An 
example,  I  had  students  take  temperature  readings  of  their  homes 
Interior  and  the  outside  air  temperature.    They  were  to  take  these 
temperature  readings  at  the  same  time  and  place  (room)  every  day 
for  two  weeks.    From  this  they  not  only  learned  to  chart  temperature 
differences,  they  also  saw  how  the  temperatures  In  the  home  varied  with 
outside  air  temperature.  (§65) 

2.  For  our  students  more  material  or  a  higher  level  Is  needed.  (#07) 

3.  Start  teaching  conversion  techniques  between  SI  and  English  units 
at  the  start.  (#17) 

4.  Too  much  time  available  on  Thermal  unit  In  CI  and  C2  -  probably  could 
be  combined.  (#18) 

5.  Perhaps  strengthen  content  on  Subunlts  3  and  4  (Electrical  and  Thermal) 
so  there  Is  not  so  significant  a  difference  from  1  and  2  which  wers 
very  challenging  to  them.    Overall  balance  was  fine,  but  things  did 
lean  heavily  towards  the  front  of  the  month.  (#30) 

6.  I  feel  there  should  be  additional  questions  provided  at  rhe  end  of  each 
dally  lesson.    Also,  I  felt  a  lab  on  determining  the  densltltes  of 
various  substances  (by  weighting  and  displacement  of  water  for  volume) 
would  be  useful.    Again,  as  mentioned  In  the  Dallas  meeting,  the  level 
of  tho  student  should  be  stressed.    My  classes  are  mostly  10th  grade 
and  approximately  half  of  them  have  had  Algebra  1  or  are  taking  It. 
Generally  the  rest  are  drafters  from  general  math,  and  many  are  not 
suited  to  the  course.  (#09) 

7.  Make  the  labs  more  Involved.    Not  necessarily  more  complex  but  allow 
kids  to  do  more  discovery  type  activities.    Right  now  it  appears  to  be 
just  observation  and  data  recording  which  Is  not  bad.    We  need  more 
activity  In  the  labs  so  there's  more  to  observe  and  more  to  record. 
Then  the  teacher  can  do  a  post  lab  that  Is  sturdy,  has  more  meat  to 
It.    I  really  love  the  concept  of  the  Math  Labs.  I  would  suggest  less 
discussion  reading.    Put  the  example  In  the  text  but  the  teacher  can 
show  them,  put  many  more  problems  for  the  kids  to  do,  but  not  example 
type  problems.    FORCE  them  to  do  the  problems  In  class.  They  won't  If 
you  have  the  process  printed  out  for  them.    I  think  the  kids  find  the 
videos  a  little  light  weight.  I'm  not  suggesting  concepts  in  the  video. 
I  understand  that  Is  my  Job,  however,  the  videos  are  really  too  surface 
for  the  kids.    They'd  like  to  see  more  Instrumentation  and  equipment. 
Right  now  they  see  a  technician  very  briefly  and  generally  describing 
what  they  do.    I  know  the  kids  would  be  more  turned  on  If  they  saw  the 
sophisticated  equipment  on  the  video  and  saw  what  It  does.    Many  kinds 
of  Instruments  should  be  shown.    Then  you  get  responses  from  the  kids 
like  "Decent,  wow,  awesome,  that's  what  I  want  to  be  able  to  work  with." 


8.    There  was  some  confusion  on  my  part  regarding  temperature  as  a  measure- 
Q  ment  of  heat.    8ut  I  solved  It  by  glossing  over  that  area.    Also  ! 
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had  to  strive  to  Incorporate  voc-od  equipment  -  my  natural  tendency 
was  toward  physics  labs.  (#05) 

9.    The  videos  for  FORCE  are  not  current  "high"  tech  role  models.  Could 
use  more  pizazz.  (#32) 

10.  The  I  at  5  should  be  more  Invovled  and  more  thought  provoking.    Some  of 
It  Is  elementary  In  content.  (#36) 

11.  More  student  exercises.  (#10) 

12.  Needs  more  things  for  students  to  do  In  Math  Labs  (less  worked  out  ex- 
amples), small  progressive  steps.  (#06) 

13.  Overall  It  seems  pretty  good.  (#21) 

14.  Pm  really  pleased  with  Cip  C2,  math  and  the  demos.    The  labs  look 
good  -  Mm  looking  forward  to  going  back  and  picking  up  at  least 

1  of  the  labs  or  combine  two  when  I  can.    I  think  It's  Important 
to  go  back  and  pick  up  some  of  the  labs.    The  material  Is  good, 
text  and  video,  provided  that  math  requisites  are  met.    Selling  the 
program  Is  coming  along  well.    Consider  small  binders  for  each 
unit.    They're  filling  up  fast.  (#38) 

15.  I  don't  think  anything  should  be  omitted.    In  fact  some  of  the  sections 
could  be  beefed  up  with  demos  and  labs  (for  example  a  specific  gravity 
demo  would  be  nice).    Maybe  an  extra  few  days  could  be  added  or  maybe 
rotational  force  could  be  treated  as  a  separate  sub-unit.  (#55) 

16.  Overall,  I  feel  the  standards  were  low  for  some  of  the  students.  For 
example,  some  trigonometry  would  have  been  a  help  for  the  students 
who  have  had  the  background,  to  understand  the  vector  relationships. 
(#45) 

17.  The  video  does  not  support  the  teaching  as  I  would  like.  (#25) 

18.  I  feel  you  should  take  the  time  to  go  over  each  lab,  many  did  not 
come  out  as  planned.  (#28) 

19.  The  students  seem  to  enjoy  the  electrical  unit  best.    Our  equipment 
was  slow  In  getting  here,  which  made  It  more  of  a  problem.  (#58) 
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COMMENTS  FOR  CO  CLASSES 

t.    Some  time  must  be  used  for  class  housekeeping,  booksllps,  safety 

orientation,  classroom  rules,  etc.    Our  84  minute  first  period  went  as 
follows:    42  minutes  for  welcome,  business,  and  pre-test,  then  a  3  minute 
break,  then  42  minutes  for  the  Overview  video  and  CO  class.  (#30) 

2.  This  Is  necessary  just  to  complete  pre-test  and  video.  (#05) 

3.  The  first  unit  of  PRINCIPLES  OF  TECHNOLOGY  did  not  go  as  smoothly  as 
anticipated.    During  the  first  few  weeks  there  was  little  time  for  the 
two  teachers  to  get  together  for  planning,  coordinating,  and  comparing 
notes.    That  problem  was  resolved  with  the  addition  of  a  driver  to 
transport  the  PapIIIIon,  Plattevlew  and  Ralston  students  to  class.  Now 
thore  Is  sufficient  time,  before  and  after  class,  for  the  teachers  to 
plan  activities.    The  primary  glitch  In  the  management  and  operation 

of  the  class  revolved  around  the  lack  of  or  Inadequate  equipment 
furnished  by  the  supplier  (Sargent-Welch).    Some  of  the  equipment  ne- 
cessary for  the  lab  just  wasn't  there.    Some  of  It  wouldn't  fit.  One 
concern,  expressed  by  the  students.  Is  the  distance  they  must  travel 
to  attend  class  and  the  amount  of  their  own  money  needed  for  trans- 
portation.   Despite  the  aforementioned  negative  aspects,  the  class  Is 
progressing  rather  well.    This  can  be  attributed  primarily  to 
the  positive  attitude  of  students.    In  general,  the  respective  schools 
are  well  represented  by  their  fine  caliber  students.    Discipline  has 
not  been  a  problem  and  most  students  ssem  excited  about  the  class.  Thus 
far  we  have  had  only  one  attendance  problem.    In  summation,  we  think 
the  first  unit  was  a  success  despite  the  glitches.    The  content  of 
the  course  Is  good.    If  the  loglsitcs  problem  C3n  be  resolved,  the 
remaining  units  should  go  very  well  and  student  Interest  should  remain 
on  a  high  note.  (#36) 

4.  In  our  school  PRINCPLES  OF  TECHNOLOGY    was  not  Included  In  our  enrollment 
information.    When  we  started  school  It  became  part  of  our  3  hour  block 
of  Machine  Shop  and  welding  class.    Many  of  our  students  have  a  reading 
level  of  8th  grade  or  below  and  math  levels  of  6th  grade  or  below  and 
some  have  a  hard  time  seeing  how  this  type  of  information  will  help  them 
In  the  future.    The  material  In  the  overview  section  does  a  good  job  as 
an  overview.    We  had  a  local  person  come  In  on  -^ach  section  and  explain 
how  the  system  of  that  unit  affected  them.    Using  someone  In  real  life 
that  uses  this  Information  has  helped  a  great  deal  In  building  Interest 
and  we  will  try  to  continue  to  use  outside  speakers.  (#21) 

5.  The  orientations  are  good  and  enou-gh  time.  (#38) 

6.  Management  problems  -  did  not  have  enough  materials  for  all  students. 
Suggested  modification  -  have  materials  for  all  students.  (#08) 

7.  The  material  was  covered  very  easily.    It  could  be  beefed  up  a  bit 
mere.    One  possibility  Is  to  show  more  actual  jobs  being  done,  such 
as  students  running  a  printing  press  and  things  that  they  easily 
relate  to.    In  the  initial  video,  more  jobs  were  shown,  thus 
relating  It  to  more  careers.  (#15) 
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COMMENTS  FOR  VIDEOS 

1.    All  videos  were  well  received  by  the  students.    I  particularly 
like  how  the  video  starts  them  thinking  and  begin  forming  ques- 
tions. {^63) 

?.    Overview:    Good  color,  sound  and  examples. 

Summary:    Okay,  but  could  use  a  little  more  sensationalism. 
Too  redundant,  (#17) 

3.  Mechanical:    Pressure  created  In  cooling  system  of  automobile 
for  testing  was  Inaccurate.  (#18) 

4.  Overview:    Kids  reacted  very  positively.    Some  comments  on 
"corwet"  and  "car-bue-ray-tor"  but  no  negative  feedback. 

Mechanical:    Students  tended  to  focus  on  technician's  blinking  eyes. 
Things  are  too   new  to  expect  much  more  than  superficial  reactions. 
Their  Interest  was  held,  and  the  material  apparently  absorbed. 

Fluid:    Worked  very  well.    Students  (and  visitors)  enjoyed  the  ending 
sequence.  (#30) 

5.  All  were  very  appropriate.  (#13) 

6.  All  were  okay.  (#09) 

7.  All  were  pretty  good.    Math  videos  are  over-slmpi If  led.  (#62) 

8.  Mechanical:    Not  deep  enough  Into  different  kinds  of  equipment  and/or 
instruments.    The  kids  need  to  see  more  to  get  them  Interested  and 
maybe  hear  from  more  than  one  type  of  technician  In  the  mechanical 
field.  (#37) 

9.  For  my  students  videos  were  great  except  math  video  was  too  elementary. 
(#05) 

10.  Fluid:    Fluid  examples  not  too  easy  to  relate  to. 

Thermal:    Fish  freezer  not  very  good  for  prime  focus  of  video.  (#32) 

11.  Thermal:    I  think  a  different  Illustration  would  have  been  better. 
It's  a  little  hard  to  relate  to  removing  heat  from  fish. 

Summary:    The  summary  video  did  an  adequate  job  of  summarizing  the 
material.    On  the  whole,  the  videos  are  good  learning  tools.  (#36) 

12.  Al I  were  good.  (#06) 

13.  All  videos  are  very  well  done.    They  are  short  and  to  the  point  and  do 
a  good  job  of  keeping  the  students  Interested.  (#21) 

14.  The  videos  are  good.    I  will  have  no  management  problems  when  my 
receiver  comes  the  end  of  October.  (#38) 

15.  Overview:    The  mechanic  In  the  film  violated  a  safety  rule  by  putting 
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his  arm  down  on  the  carburator,  covering  the  air  horn»  More  explana- 
tion needed  about  examples  used*  Film  too  mechanically  oriented^  not 
everyone  recognizes  the  systems  In  a  car* 

Mechanical:    Students  could  not  relate  to  the  hoist  In  our  area, 
especially  In  Health  occupations.    Use  of  word  "ton"  Instead  of  "tons." 

Fluid:    Hydruallc  Jack  lifting  car  Is  bending  car  as  It  lifts.  It  Is 
distracting  to  students. 

Electrical:    No  safety  glasses  when  using  a  grinder?    Wearing  jewelry 
when  using  electric  apparatus? 

Thermal:    When  talking  about  delta  T  say  "Fahrenheit  degrees"  not 
"degrees  Fahrenheit," 

Summary:    Safety  violation  -  beating  on  a  battery  with  a  hammer.  (#08) 

16.  Overview:    I  think  showing  the  video  after  the  lecture  would  have 
had  more  meaning  for  the  students. 

Mechanical:  The  same  here,  IF  we  give  some  Information  like  materials 
on  class  CI  and  C2,  then  show  the  relating  video.  Students  would  have 
seen  It  better. 

Fluid:    It  was  an  excellent  video. 

Electrical:    More  Information  about  electronics  up  to  component  level 
would  have  related  the  Class  CI  and  C2  to  the  real  world  clearly.  (#45) 

17.  Overview:    Too  short,  should  be  more  involved. 
Electrical:    Students  enjoyed  this  unit  more.  (#58) 

18.  Overview;    Have  the  beginnings  of  the  segments  numbered,  so  we  can 
just  forward  to  the  beginning  of  each  segment.  (#15) 

19.  Fluid:    Safety,  no  eye  protection.    Not  well  suited  to  subject. 
Electrical:    Safety,  wearing  watches,  rings... 

Summary:    In  my  case  I  need  the  video  to  support  the  lab  experiences 
to  describe  what  Is  supposed  to  happen,  (#25) 

20.  Overview:    The  students  had  difficulty  understanding. 
Thermal:    This  was  one  of  the  easier  ones  to  understand,  (#11) 
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COMMENTS  FOR  CI  CLASSES 


!•  All  demonstrations  and  discussions  presented  no  problen:s.  In  fact, 
I  had  to  add  material  because  the  level  of  students  I  have  demanded 
more  Information.  (#63) 

2.  Al I  were  good.  (#17) 

3.  All  were  okay. 

Fluid:    Not  enough  time  to  cover  material  thorough  I Finished  the 
material  In  C2.  (#18) 

4.  Mechanical:    Very  large  amount  of  material  to  cover.    With  demo's 
and  Illustrations,  plus  a  5-mInute  video  and  time  lost  by  "ex- 
tended home  rooms"  CI  extended  about  20^  longer  than  planned. 

Fluid:    Timing  Improved.    Presentation  went  better  as  did  student 
attention  and  understanding. 

Electrical:    Material  much  "softer."    Able  to  complete  CI  In  about 
20' minutes — excellent  for  schedule  resumption  purposes.  Good 
demo  using  meter. 

Thermal:    Short  class — thermal  bar  demo  excellent.    Much  more  visible 
than  previous  methods.  (#30) 

5.  All  were  a  little  too  long.    Could  be  cut  down.  (#13) 

6.  Mechanical:    After  discussing  resultant  forces  (pages  15-25)  there 
Is  need  to  Immediately  reinforce  these  Ideas  with  a  set  of  prob- 
lems (at  least  8-10)  dealing  with  scale  drawings,  reading  a  protractor, 
and  then  graphically  finding  the  resultant  force.    Similarly  a  need 
exists  to  have  a  set  (8-10)  torque  type  problems. 

Fluid:    While  discussing  the  density  of  an  object  it  might  help 
to  discuss  how  to  find  the  volume  of  an  Irregularly  shaped  object  by 
displacement  of  water.    This  could  be  related  to  buoyant  force  by  em- 
phasizing the  meaning  of  water  displacement.    A  set  of  problems  concern- 
ing densl.ty  and  specific  gravity  would  be  good  at  this  point.  (#09) 

7.  !  liked  them  all.  (#37) 


8.    Mechaiilcal:    I  took  an  extra  class  period  for  this  section  so  that 
students  could  thoroughly  understand  the  material.    It  worked  out  to 
be  an  extra  math  lab  day. 

Fluid:    Again,  since  there  were  so  many  formulas  to  explain,  I  took 
my  time  on  this:    taking  an  additional  C3  class. 

Electrical:  Here  I  finished  CI  and  C2  In  1  day.  V  In  parallel  was  a 
llttla  hard  to  explain  without  going  Into  Ohm^s  law. 

Thermal:    There  was  a  little  confusion  on  measurement  of  heat  (In 
calories,  not  temperature)  but  I  explained  this  away  sufficiently  for 
^  high  school  students.  (#05) 
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Mechanical;    I  think  the  text  for  both  CI  and  C2  classes  does  an  ex- 
cellent Job  of  presenting  the  material.    Each  of  the  systems  covered 
the  subject  well  and  were  detailed  enough  to  be  easITy  understood. 
Only  a  few  students  had  any  problem  understand Kig  the  material  that 
was  In  the  text,  (#36) 

Mechanical:    Enclosed  Is  a  sample  of  how  to  teach  vectors  with  a  shoe 
box.    it  works  super I 

Fluid:    Page  84,  airplane  window  -  math  errors  In  book. 

Electrical:  On  page  125  you  use  the  word  "electrolyte"  without  any 
supporting  Information.  Either  don't  use  It  or  explain  what  It  Is. 
Page  126  you  say  "...as  If  they  were  'lowing  out  of  the  nege^tlve... 
Into  the  positive."    Should  we  foster  this  erroneous  concept?  (#06) 

No  problems.    The  reading  level  of  our  students  has  caused  some 
problems,  but  the  material  In  each  unit  seems  to  be  okay.  (#21) 

Put  diagrams  on  the  same  page  as  f  Irs'l  mentlonedl  (#42) 

Mechanical:    This  Is  okay. 

Fluid:    Error  on  example  1-6.    Solution  (b)  should  be  144  Inches 
squared,  not  288  Inches  squared.  (#38) 

Fluid:    math  error  on  page  84. 

Thermal:    First  temperature  lab  could  be  more  sophisticated.  (#55) 

Mechanical:    Not  finished  In  50-mInutes.    Had  to  use  additional  period 
to  cover  vectors  and  use  of  protractor.    Too  much  material  to  cover  in 
50  minutes.    Change  class  CI  to  two  classes.    More  end  of  class 
activities.    Material  on  forces  acting  at  an  angle  should  not  be  covered 
In  the  written  material  without  the  video  and  written  activities  to 
go  with  it.    For  reinforcement  the  students  need  all  the  material  at 
the  same  time. 

Fluid:    Page  84,  example  1-6,  solution  B,  288  inches  squared,  should  be 
144  Inches  squared. 

Electrical:    Teaching  path  says  material  for  CI  ends  before  "A  Simple 
DC  Circuit"  while  objectives  go  through  page  128,  simple  circuit. 
Short  hand  symbols  should  also  Include  switch,  since  it  Is  Included 
In  the  student  exercises. 

Thermal:    Objectives  should  be  In  the  same  order  as  they  come  In  the 
material.    Actually  Objective  1-4  only  goes  to  middle  of  page  164. 


Mechanical:    I  observed  the  need  for  more  math  Involvement  from  some 
of  my  students.    For  example  the  vector  relationships  were  very 
demanding.    All  together      was  excellent,  very  clear,  and  Interestli 
to  students. 


Fluid:  I  think  this  section  was  excellent  too.  There  was  a  technical 
mistake   on  page  84,  and  an  error  on  page  81  of  student  copy. 
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Electrical:    The  discussion  was  very  good.    I  think  If  we  add  some 
definitions  about  current  (I)  and  Resistance  (R)  then  Ohm^s  Law 
V=IR,  students  will  be  able  to  understand  the  votage  better. 

Thermal:  It  was  excellent.  Somehow  If  we  add  Conductivity's  equation 
and  show  how  actually  we  claculate  the  heat  loss  or  gain.  (#45) 

17.  Mechanical:    Time  120  minutes.    Need  more  examples  and  practice  pro- 
blems. 

Fluid:    Added  demo  on  specific  gravity  and  bouyant  force,  etc.  Still 
a  tight  squeeze  time  wise. 

Electrical:    Less  time  pressure  here,  more  relaxed.    Added  simple 
wet  cell  demonstration  and  dIscussJon  and  dissected  some  batteries. 
Need  exercise  for  students  to  learn  to  read  c::alog  type  meters.  (#56) 

18.  Electrical:    Students  enjoyed  the  work  on  this  unit  more  than  any. 
(#58) 

19.  Mechanical:  Introduction  of  the  material  was  acceptable  until  some 
of  the  students  begin  to  question  the  reasoning  of  Introducing  this 
type  of  study  Into  their  electrical  program^ 

Fluid:  Student  worksheets  would  have  been  helpful  at  this  point.  I 
experienced  difficulty  In  students  accepting  Information  as  valuable 
Information  for  future  studies. 

Thermal:    Students  were  somewhat  reluctant  to  learn  temperature  dif- 
ferences. (#57) 

20.  Fluid:    I  used  my  hydraulic  lessons  to  cover  this  area. 

Electrical:    Okay,  good  for  students  just  starting  with  this  subject. 

Thermal:    This  unit  seems  okay  for  beginning  students.    I  don't  know 
how  It  will  be  later  on.  (#25) 
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COMMENTS  FOR  C2  CLASSES 

1.  Fluid:    Examples  1-6,  force  on  an  airplane  window,  page  84. 
(#07) 

2.  All  good.  (#17) 

3.  Fluid:    Still  not  enough  time  to  cover  al!  concepts  thorouahlv. 
(#18)  ^  ^ 

4.  Mechanical:    Presentation  progressed  too  rapidly  to  fit  material 
Into  time  allotment.    Class  day  #3  originally  planned  as 
Ml  and  LI  will  Instead  be  CI,  02,  Review,  homework  session  and  Ml. 
This  will  leave  class  day  as  L2  and  revelw. 

Fluid:    No  problem,  much  , Ighter  material . 

Electrical:    Might  mention  AC  schematics  used  In  Industrial  text- 
books.   Only  give  partial  schematic  and  Electrical  Wiring  kids  tend 
to  feel  that  the  complete  schematics  presented  In  the  book  are  Incor- 
rect.   Also  "coal  car  atom"  presents  Inaccurate  picture  which  contrac- 
ted In  other  science  courses. 

Thermal:    Good  coverage,  no  time  problem.  (^30) 

•    Embarassing  when  flow  Indicator  ball  sticks,  when  flow  Is  high.  (#62) 

6.  I  liked  them  al I. 

Fluid:    On  page  84  (the  example  problem)  kids  got  very  frustrated 
trying  to  understand  why  It  was  set  up  that  way.    Explain  why  A  In 
outward  force  Is  doubled. 

Thermal:    Could  get  Into  the  term  conductivity  more.    Page  167,  the 
kids  dldn'1  follow  the  example.    They  couldn't  relate  the  5/9ths 
to  the  9/5ths.  (#37) 

7.  Mechanical:    Rather  simp  I (#Z7) 

8.  Mechanical:    Students  liked  suction  cup  -  mention  In  pressure  unit. 

Fluid:    Answer  6d  (student  exercises)  on  page  81,  the  answer  should 
be  33.2  not  33.92.    Ansner  6c  (page  81)  should  be  2117  lb/ft  squared. 
There  Is  no  consistency  with  significant  digits.  (#06) 

9.  Fluid;    Demonstration  Is  wanting.  (#42) 

10.  Mechanical:    Need  some  more  time  for  explanaf.       ;  nd  board  examples. 

Fluid:    Error  In  figure  1-28.    Should  read  P2  grv.-'    r  than  PI.  Need 
more  time  for  explanations  and  board  time,  (#jS; 

11.  Fluid:    Very  good  discussion.    There  were  2  technical  mistakes.  (#45) 

12.  Fluids    Took  more  time  to  go  through  reading  demonstration  and  student 
exercises.    Page  92,  problem  5,  letter  d  Is  also  a  correct  answer. 
Problem  6,  letter  C  Is  actually  2116.8  pound/foot  squared.    Page  93 

Er|c  68 


64 


problem  11,  letter  A  should  be  7,007  psi. 

Electrical:    Had  management  problems  with  the  demonstration.  Thermo- 
couple question  In  exercises  Is  confusing.    A  thermocouple  can  be 
made  up  of  two  wires  of  different  types.    The  actual  thermocouple  Is 
the  Junction  of  the  two  wires. 

Thermal:    Should  talk  about  temperature  difference  discussed  on  page 
166  and  167  before  It  Is  used  on  page  165,  middle  of  page,  where  It 
says  "There  are  180  Fahrenheit  degrees  between  the  freezing  and 
boiling  points."    This  was  very  confusing  to  students  as  well  as 
teachers.    Also,  If  you  are  going  to  use  Celsius  donH  confuse  matters 
by  labeling  figure  1-41  with  Centigrade.  (#08) 

13.  Fluid:    chart  1-4  should  read  2117  pounds/ft  squared.  (#15) 

14.  I  experienced  my  students  not  wanting  to  read  the  material  and 
apply  themselves.  (#57) 

15.  Mechanical:    top  paragraph,  page  30,  I  found  this  very  unclear  and 
had  to  explain  It  to  the  students.  (#11) 
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COMMENTS  FOR  MATH  LAB  CLASSixS 

U    Mechanical:    During  this  lab  I  found  students  had  difficulty  with 
vectors.    Maybe  we  need  to  expand  that  part  of  the  Instructional 
blocks  and  labs.    The  remainder  of  the  labs  presented  no  problems, 
because  I  used  additional  examples  to  explain  each.  (#63) 

2.  Mechanical:    Not  enough  material  and  the  level  was  Inadequate  for 
our  students  In  all  math  labs.    Example  B,  Calculating  Mass  on  page 
101.  (#07) 

3.  Mechanical:    Need  conversion  between  SI  and  English  systems.  Stu- 
dent needs  to  feel  comfortable  with  both  systems  and  be  able  to  move 
freely  between  them. 

Electrical:    When  are  we  going  to  cover  powers  of  ten  and  mega, 
kilo,  mini,  and  micro?  (#17) 

4.  Mechanical:    Even  after  Instruction  the  students  did  not  follow 
through  with  accurate  work  -  had  to  spend  an  extra  period  to  get 
point  across. 

Thermal:    Not  enough  problems.  (#18) 

5.  Mechanical:    Seemed  appropriate.    My  manag^n[^ent  of  math  labs  will 
change  during  Kluld  Systems  when  new  equipment  arrives. 

Fluid:    Very  simple  stufV.    Kids  got  good  reinforcement,  felt  like 
they  learned  something.  (#30) 

6.  Mechanical:    Math  was  a  little  below  my  students  and  they  were  bored 
doing  It.    The  math  In  every  lab  was  below  their  level.  (#13) 

7.  Electrical:    It  should  be  emphasized  tha^  the  graph  should  be  as 
large  as  the  graph  paper  be^ng  use^.    Also,  that  It  Is  lOt 
necessary  to  start  the  X  and  Y  axes  at  zero.    Therefore,  the  graph  will 
ba  as  large  as  possible  and  values  read  from  the  graph  will.  In  general, 
be  more  accurate.    Part  of  the  math  lab  should  be  devoted  to  reading 
meter  scales  for  the  different  ranges  (overhead  transparencies  would 

be  nice).    Additional  problems  needed  on  page  176,  (#09) 

8.  Love  the  v I  does  and  the  math  lab,  math  labs  were  too  short,  thouqh. 
{#37)  ^ 

9.  Electrical:    Too  easyl  (#32) 

10.  Mechanical:    The  videos  are  excellent  for  all  math  labs.  Content 

of  material  In  the    labs  Is  good,  but  not  enough  of  ?t.    This  applies 
to  all  Math  Labs.  (#36) 

11.  Mechanicals    Should  be  more  than  1  period. 

Fluid:    Explain  that  .7854  Is  pi  divided  by  4.    We  had  no  flow  In- 
dicator.   Put  In  more  practice  exercises. 

Electrical:  Choice  of  data  was  poor  for  student  graph,  why  not  voHage 
drop  verses  wire  length.  (#27) 
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^        12.    All  math  labs  wer^e  very  helpful.    I  appreciate  the  step  by  step  follow 
through.  (#33) 

13.  Mechanical:    Vector  lab  needs  steps  for  students  to  do  something  I.e., 
draw  a  3  unit  vector  or  "draw  vectors  acting  on  a  sign,  on  a  car,  etc." 
Thermal:    If  you  use  temperature  In  degrees  Fahrenheit  =  K8  (degrees 
Celsius  temperature  +  32),  why  not  use  temperature  degrees  Celsius  = 
(tempe-^ature  degrees  Farenhelt  -  32)  divided  by  1.8?  (#06) 

14.  The  hands  on  type  of  math  seems  to  be  meaningful  to  the  students.  (#21) 

15.  Mechanical:    There  fs  enough  time  here  If  you  don^t  have  to  use  some 
for  C2.  (#38) 

16.  Most  of  the  math  labs  classes  were  excellent,  but  apparently  not 
difficult  for  most  of  the  students.    I  think  we  should  have  had 
the  math  lab  before  the  CI  and  C2  classes,  because  If  student  knows 
how  to  convert  degrees  to  radians  then  It's  a  lot  easier  In  C2  of  WORK 
In  Mechanical  Systems.  (#45) 

17.  Mechanical:    Took  3  days  to  complete  with  videos  and  teaching  students 
to  read  a  protractor  and  ruler.    Math  Lab  assumes  studen+s  have  had 
more  than  they  really  have  had.    Use  computer  programs  for  math 
materials.    Sonie  of  the  m'5th  videos  were  not  really  applicable  to 

the  math  lab  (I.e.,  circle).    On  pagaes  42-43  the  figure  Is  cc«i- 
fusing.    It  looks  like  a  fraction. 

Electrical:    Should  have  had  a  lab  like  this  at  first  to  show  how  to 

plot  on  a  graph  before  vectors  or  L2  on  mechanics  lab. 

Thermat:    If  you  use  9/5  In  the  text  you  should  also  use  It  In  the 
math  lab  Instead  of  1.8  for  conversion.  (#08) 

18.  Electrical  and  Thermal  seemed  to  be  a  fait  more  difficult  for  the 
student.  (#58) 

19.  Page  49,  Example  F,  "a  wrench  that  Is  24  feet  long?"  (#15) 

20.  Mechanical:    When  I  reached  this  section  about  40?  of  my  students 
rebelled.    They  could  not  see  the  need  for  vector  relationships.  I 
approached  the  problem  as  positively  as  I  could  but  these  same 
students  resented  the  fact  that  this  mate-'Ial  was  Included  as  part 
of  their  currlculur.).    Unfortunately,  they  Influenced  others  In  the 
class  and  It  took  several  days  for  the  students  to  accept  the  fact 
that  this  material  was  to  be  covered.    I  probably  took  it  too  serious 
for  a  first  Introduction  and  I  was  disappointed  at  the  Inability  of 
many  students  transferring  Information  to  vector  form. 

Fluid:  I  found  many  of  my  students  were  weak  In  math  skills  which 
made  my  job  harder  In  trying  to  develop  more  exercises  for  them  to 
work  with  for  practice. 

Electrical:    Students  were  more  Interested  In  this  topic  so  they 
applied  more  effort.    Also  we  have  devoted  more  time  for  hands  on 
experiments  In  the  electricity  lab. 
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COMMENTS  FOR  LAB  i  CLASSES 

1,  In  all  the  labs  I  found  that  equipment  used  took  a  lot  of  \lme  to 
set  up.    Additionally,  I  feel  we  need  labs  that  Incorporate  appara- 
tus that  the  students  are  familiar  with.    Demonstrate  the  difference 
between  a  vented  tank  and  unvented.    This  can  be  done  with  straw 
submerged  In  liquid.    Place  your  finger  on  the  top  and  remove  the 
straw  from  the  liquid.    Now  you  can  ask  "What  kept  the  fluid  In  the 
straw?"    Simple,  but  It  starts  a  lot  of  discussion.  (#63) 

2.  Mechanical:    Used  the  Sargent-Welch  force  boards  Instead  of  the 
suggested  equipment. 

Fluid:    Specific  gravity  using  hydrometers  was  not  effective  using 
some  of  the  suggested  liquids. 

Electrical:    Error  In  problem  2,  part  D,  page  148, 
(#07) 

3,  Al  I  were  good. 

Fluid:    Would  have  been  good  If  we  had  equipment.  (#17) 

4,  Mechanical:    Scale  readings  are  Inaccurate  because  of  angle  that 
the  fish  weighing  scales  are  to  the  rope  and  chain.  Also 
measuring  with  the  protractor  from  a  horizontal  position  depends 
on  the  accuracy  of  a  student's  eyes. 

Fluid:    The  hydrometers  will  not  measure  specific  gravity  less  than 
1.1,  therefore,  cannot  measure  the  suggested  liquids,  e.g.,  alco- 
hol, oil,  anti  freeze,  pop.    Suggest:    one  hydrometer  that  w^l 
measure  alcohol,  one  that  will  measure  antifreeze,  one  that  will  mea- 
sure battery  acid.  (#18) 

5.  Mechanical:    Could  use  water  Instead  of  sand~my  room  looks  like  a 
beach  and  the  custodian  Is  bemoaning  his  f loorwax.  Nylon 

cord  doesn't  hold  a  tie,  recommend  cotton  line  Instead. 

Fluid:    The  densities  of  the  materials  you  suggested  for  use  do  not 
fall  within  the  range  of  the  equipment  you  suggested  1o  measure  with. 
Only  sulfuric  acid  solutions  gave  measurable  results  and  my  Impression 
Is  that  It  Is  too  dangerous  a  material  to  be  used  as  a  high  school  den- 
sity experiment. 

Electrical:    First  evidence  of"el Ite-Ism"  as  kids  f ami  Mar  with  meter 
reading  from  shop  tended  to  rush  those  who  had  never  us3d  them  before. 

Thermal:    Worked  well  -  always  wanted  to  do  this  type  of  lab  and  never 
had  the  equipment  before.  (#30) 

6.  Mechanical:    As  this  was  the  first  lab,  students  were  okay,  but  soon 
got  bored.    Nt)  challenge,  after  about  5  minutes  they  started 

to  play. 

Fluid:    As  this  Is  a  farming  community  most  students  already 
understood  this  concept.    Did  not  require  all  the  time  allocated  for  this 
^  section. 
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Electrical:    My  students  wef^e  up  on  this  area  to  begin  with,  again  did 
not  use  all  the  time  allotted* 

Thermal}    Very  good.  (#13) 

1.    Mechanical:    With  all  due  respect  I  found  the  kids  had  a  hard  time  work- 
ing with  the  force  board  from  Sargeant-Welch.    As  a  first  experiment 
having  to  convert  newtons  to  pounds  was  not  successful  for  the  kids  and 
they  had  a  hard  time  physically  manipulating  the  protractor  and  the  force 
board,    I  also  noticed  that  the  graph  paper  provided  In  the  lab  already 
had  your  sample  data  In  vector  form  on  the  graph.    I  feel  It  could  have 
been  better  If  that  was  done  as  an  example  then  provide  a  blank  graph 
to  do  their  own  data.    Then  they'd  have  the  experience  of  seeing  If  their 
resultant  was  equal  to  the  20  lb.  force. 

Fluid:    Density  lab  was  good.    I  used  3  different  concentrations  of 
corn  syrup  and  It  work  nicely.    I  found  the  kids  were  done  In  a  flash  - 
It  took  20  minutes  -tops.    Should  have  been  longer. 

Elec+rlcal:    I'm  not  an  electronics  teacher  but  In  my  opinion  they 
were  too  basic  and  short.    Kids  need  to  be  busy  or  believe  me  they'll 
find  something  to  do  and  It's  not  going  to  bo  school  work. 

Thermal:    Loved  the  calibration  of  thermometer  experiment  except  It 
also  didn't  take  a  full  class  session.    The  thermometers  Sargent- 
Welch  sent  us  were  not  the  same  length  so  we  had  a  hard  time  making 
this  work.    We  had  to  use  250  ml  beakers  for  our  Ice  bath  and  hot 
water  bath  cause  we  only  got  6  liter  beakers  from  Sargent-Welch. 
Therefore  couldn't  really  submerge  liter  beakers.    I  also  liked  the 
thermocouple  experiment,  (#37) 

8.  Fluid:    Suitable  liquids  to  test  were  difficult  to  find.    Note  needed 
to  Instructors  that  both  hydrometers  are  to  be  battery  type.  (#32) 

9.  Mechanical:    To  one  degree  or  another  all  labs  resulted  In  some 
disappointment.    The  mechanical  systems  lab  offered  some  confusion  be- 
cause the  text  discussed  pounds  and  the  equipment  measured  only 
newtons.    A  different  type  of  force  board  may  have  been  better. 

Fluid:  "  Good  concept  but  could  have  been  longer.    Again,  we 
couldn't  seem  to  get  Sargent-Welch  equipment  to  work  properly. 

Electrical:    This  would  have  been  more  interesting  If  we  could  have 
progressed  to  something  a  little  more  complex.  Improvlrlng 
was  In  order  and  Is  easy  for  someone  experienced  In  electronics.  The 
VONi  takes  more  time  to  I  earn  than  was  Indicated  In  the  text. 

Thermal:  F*  -tratlon  again  because  of  equipment.  There  was  a 
little  confusion  on  what  we  were  attempting  in  the  calibration 
process.  (#36) 

10,    Fluid:    Suggest  use  of  liquid  other  than  such  a  dangerous  acid.  One 
student  was  burned.  (#27) 
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reading  on  all  our  fluids.  (#33) 

12.  Mechanical:    Neat  vector  board  Idea  but  add  Instruction  to  compare  valves 
need  to  support  some  more  at  different  angles. 

Electrical:    Eliminate  voltage  at  ouvlet. 

Thermal:    Modified  lab:    Took  temperature  readings  for  heat  loss  In  three 
containers  (glass,  metal,  styrofoam)  over  15  minute  period.    Used  pre- 
heated water,  plotted  results  and  compared.  (#06) 

13.  The  lab  set  up  has  been  very  difficult  -  for  the  Instructor  this  first 
year  time  sometimes  just  does  not  let  us  set  up  to  c^r  best  advantage. 
The  material  Is  Interesting  ^or  most  students  and  seems  to  keep 
student  Interest  a  lot  higher.  (#21) 

14.  Fluid:    Battery  testers  were  difficult  to  read.    Two  broke  (the  floats) 
very  quickly  and  easily. 

Thermal:    Needed  more  time.  (#42) 

15.  TheriT^al:    Needs  to  be  made  more  sophisticated.  (#55) 

16.  Fluid:    DIdn»t  do.  (#60) 

17c    Electrical:    I  think  we  should  have  had  some  componenets  like  resis- 
tors and  capacitors  or  conductors.    Experimenting  with  the  actual 
component  Instead  of  element  of  bulb  makes  a  lot  of  difference.  (#45) 

18.  Mechanical:    Errors  -  page  57,  figure  4,  angle  AB  should  be 
75  degrees.    Have  modified  force  board  to  be  less  complicated. 
Used'  bricks  for  weights  and  other  things  that  cannot  be  explained. 
Use  of  symbols  such  as  Fa,  Fb,  etc,  was  confusing  to  some  students. 

Fluid:    We  used  one  hydrometer  per  station  and  rotated  students  to  each 
station  thus  eliminating  the  need  to  rinse  the  hydrometer  each  time.  We 
also  had  a  problem  fl  jding  a  hydrometer  that  would  read  1.09  to  1.33 
but  finally  found  some  In  health  occupations  class. 

Electrical:    To  save  on  expenses  for  each  lab  station  have  one  set  of 
equipment  and  circulate  students  from  one  lab  station  to  the  next. 
(#08) 

19.  Mechanical:    Needs  a  thorough  preview  day  before  to  save  time  on  lab 
day. 

Fluid:    Needs  thorough  preview  day  before  so  It  can  be  completed  In 
one  period.    Did  as  demc  because  of  fragility  and  cost  of  hydrometers. 

Electrical:    Ear  /  In  one  period.    Biggest  problem  was  reading  VOM's. 
(#56) 

Mechanical:    Approximately  50^  of  the  students  had  problems  trans- 
ferring Information  from  vector  toards  to  drawings.    Some  of  the 
scales  were  off  balance,  which  made  It  more^dlff Icult  for  students 
to  understand.  /5 
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concept  was  shown  and  taught,  but  the  lab,  per  se,  was  not  done. 

Hg  has  too  many  dangers  to  have  multiple  manometers  set  up  In  class. 

(#27) 

11.  Fluid:    Our  equipment  for  this  lab  has  yet  to  arrive,  we  spent  the  time 
working  through  the  lab  (n  a  discussion.  (#33) 

12.  Meclanlcal:    Did  not  do  -  used  day  for  additional  vector  work. 

Fluid:  We  also  used  sphygomomanometer  and  stethoscope  -  higher  Interest. 
Used  atmospheric  pressure  to  collapse  can. 

Thermal:    Computer  lab:    programmed  computer  to  convert  between  Celsius 
and  Fahrenheit  scales.    Converted  previous  days'  data.    Did  not  have 
thermocouple  available  for  studen+w.  (#06) 

13.  Flu  1:1-    No  proper  equipment.    Had  to  run  as  a  demonstration.  Data 
tables  should  be  on  the  same  sheet. 

Electrical:    Have  source  voltage  read  with  switch  closed.  (#42) 

14.  Fluid:    Didn't  do. 
Thermal:    Didn't  do.  (#60) 

15.  Mechanical:    Appropriate  terms  like  delta,  LO,  LI,  were  not  understood 
by  students t    50-mInutes  measured  springs  and  viewed  video  on  graphing. 
First  period,  graphed  and  finished  up  on  second  day.  Manav;jeme;it 
problems,  brake  return  spring  does  not  give  that  much.    Use  screen 
door  springs. 

Fluid:    Used  only  vacuum  pump  and  only  one  lab  set  up  to  save  money. 
Worked  just  fine. 

Electrical:    Connecteil  two  wires  together  at  point  "D"  on  parallel 
circuit  so  change  to  series  circuit  was  simplified  by  only  loosening 
two  screws. 

Thermal:    Reading  on  surface  of  hot  plate  exceeded  readings  available 
on  chart.    Also  had  to  modify  apparatus  because  we  never  received 
banana  nuts  ""om  Sargent-Welch.  (#08) 

16.  Fluid:    Did  not  have  manometers  to  do  this  lab.  (#15) 

17.  Mechanical:    The  students  1ld  not  accept  this  experiment  with 

great  enthusiasm.    There  was  continuous  abuse  of  springs  and  weights. 
I  feel  that  the  experiment  Is  a  good  one  but  the  problems  I  have 
encountered  with  maintaining  student  Interest  has  been  difficult 
In  my  Electricity  program. 

Fluid:    I  experienced  difficulty  with  students  playing  around  with 
mercury  and  adapting  devices  to  equipment  for  experiment. 

Electrical:    Goorl  experiment.    Excellent  acceptance  by  students. 

Q  Thermal i    Good  experiment.    More  time  Involved  for  heating.  (#57^ 
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18.  Fluid:    Useless  lab  for  showing  pressure  and  forces. 

Electrical:    Went  weIN    Bought  all  equipment  from  Radio  Shack,  (#25) 

19.  Fluid:    We  were  unable  to  run  this  lab  because  of  late  shipment,  no 
manometers.    We  used  tubing  and  water  to  show  what  happens  when 
you  have  a  pressure  difference,  (#11) 
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COMMENTS  FOR  SUMMARY  CLASS 

1.  I  think  this  Is  a  very  Important  classi    It  helps  to  tie  It  all 
together.    "Unification"  principle  of  science  fields  needs  to  be 
emphasized  even  more.    Class  Is  beginning  to  show  external  signs 
of  understanding  that  all  fields  of  science  have  a  prFme  mover, 
something  being  moved,  and  something  to  overcome  In  order  to 
move.    Good,  good,  goodi  (#17) 

2,  Mechanical:    If  a  test  Is  given,  the'-e  Is  not  time  for  follow-up 
the  next  day.    Fluid  Systems  Review;    Not  enough  "Mme  for  a  thorough 
review  and  a  test  also.    There  Is  a  lot  of  Informarlon  and  formulas 
In  this  unit.    If  a  test  Is  given,  not  enough  time  for  follow-up 
afterwards    Not  enough  time  for  a  thorough  test.  (#18) 

5.    Not  too  shabby,  so  farl  (#62) 

4.  This  program,  to  this  date,  has  not  been  funded.    I  have  taught 
Unit  1,  and  feel  I  have  presented,  and  the  students  have  achieved 
the  goals  set  forth  In  the  pi  an. 

I  have  had  to  use  about  25%  more  time  than  allotted.    Instead  of  the 
lab  demonstrations,  I  used  normal  demonstration  procedures  from  my 
mechanics  classes. 

The  largest  part  of  all  labs  were  spent  In  discussion  type  meetings  and 
demonstrations  on  the  black  board. 

This  may  have  been  beneficial  due  to  the  caliber  of  students  I  have  this 
year.    No  student  was  screened  and  due  to  new  policy,  I  received 
students  from  10th  to  12th  grades.    In  this  group,  I  nave  2  12th 
graders  not  working  toward  a  diploma,  classified  as  alternative  students. 

With  the  situation  as  It  Is,  I  still  feel  the  program  will  be  successful 
and  beneficial  to  my  students. 

Their  attitude  Is  good  (after  explaining  the  benefits  they  will  re- 
ceive). 

The  results  are  true  and  I  feel  we  have  achieved.  (#23) 

5.  I  hope  all  of  you  at  AIT  and  CORD  understana  that  my  comments  are 
sincere  and  made  with  all  due  respect  to  the  extraordinary  effort 
you»ve  put  forth.    I  like  PRINCIPLES  OF  TECHNOLOGY.  (#37) 

6.  There  was  a  marked  difference  Ik  pre-  and  post-test  scores.  (#05) 

7.  More  student  <:<xerclses.  (#10) 

8.  The  summary  could  nuve  Included  a  listing  of  the  formulas  that  were 
Introduced  In  the  sub-units  end  also  showing  how  each  one  Is  worked. 
The  glossary  was  very  valuable  and  very  much  appreciated.  (#33) 

9.  We  reviewed  most  concepts.    (#06)  gQ 

10.    The  summary  was  good.    I  was  able  to  go  back  and  review  each 
t^KJv  objective  after  the  video  and  the  discussion.  (#38) 
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IK    Most  of  my  problems  dealt  with  not  having  the  equipments    i  was  not 
able  to  do  the  following  labs;    Fluid  1,  Thermal  1,  Fluid  2,  I 
was  also  unable  to  demonstrate  1  DM  and  IDT  successfully  because  of 
equipment.  (#60) 

12,  On  test,  question  #26  Is  a  bad  question,  when  you  quibble  between 

and  "And,"  (#08) 

13.  WeVe  running  about  one  month  late  because  of  safety  classes  and 
other  start  up  problems.    I  could  have  uued  more  math  assist  tapes. 
(#25) 


Students  performed  better  and  appeared  to  accept  the  fact  that 
there  Is  valuable  material  here  for  them  to  learn.  Unfortunately 
many  of  the  students  did  not  take  Interest  In  the  material  and 
did  poorly  on  the  examination.    Many  of  the  students  reent  tha 
amount  of  material  there  Is  to  read.    I  personally  feel  that 
the  program  as  s  whole  Is  very  good  and  If  students  appi  led  '  iiem- 
selves  they  could  gain  from  these  experiences,    I  have  tried  to 
do  my  Last  but  with  the  negative  attitude  of  the  ctudents  not 
wanting  to  Integrate  Into  their  electrical  curriculum  has  made 
it  very  difficult  for  me.    On  the  next  section  on  WORK  I  hope  to 
help  change  those  attitudes  to  a  positive  one.>  (#57) 

Overall  all  the  students  enjoyed  It.    V/e  had  a  few  problems  getting 
started,  with  equipment  and  lab  set-ups.    But  wg  are  catching  up 
now.  (#58) 
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Introduction 


?AyincJ.pZz6  0^  TzcknoZoQij  is  an  applied  science  course  for  high  school 
vocational  students  that  is  being  developed  collaboraf vely  by  the  Agency 
for  Instructional  Technology  (AIT),  the  Center  for  Occupational  Research 
and    avelopment  (CORD) ,  and  a  consortium  of  34  state  and  provincial  ed- 
cation  agencies  (see  Appendix  A  for  a  list  of  cooperating  agencies).  The 
course  consists  of  14  units,  each  focusing  on  a  principle  that  underlies 
today's  technology.    Each  unit  consists  of  a  student  manual,  a  teacher's 
guide,  hands-on  laboratories,  and  video  prograi?.So    The  prospectus  for 
the  project  was  issued  in  June  of  1983;  the  initial  development  work 
began  in  November  of  1983. 

An  important  part  of  the  developmental  process  is  a  pilot  test  of 
each  unit  in  actual  clasbxcom  settings.    The  primary  purposes  of  the 
pilot  test  are:    1)  to  determi*ie  how  well  the  materials  are  working, 
and  2)  to  identify  specific  problems  with  the  materials.    Each  consor- 
tium agency  has  designated  2  sites  in  its  state/province  as  pilot  test 
sites.    All  pilot  test  teachers  were  oriented  to  the  P>Uncxp£e6  Tech- 
nology cours'-.  and  the  pilot  test  procedures  at  one  of  two  meetings  in 
Dallas.  Texas,  held  in  the  summer  of  1984. 

This  report  derails  the  findings  of  the  Unit  2,  WORK,  pilot  test. 
The  report  makes  several  comparisons  of  the  Unit  2  findings  with  Unit  1 
findings,  which  are  contained  in  a  separate  report  (see  "Unit  1:  FORCE  - 
Pilot  Test  Findingb-,"  December  18,  1984). 
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Pilot  Test  Procedures 

Unit  2  pilot  test  materials  were  mailed  to  the  teachers  in  mid- 
September,  These  materials  consisted  of: 

1)  Pre/postteii^s    (see  Appendix  B)\ 

2)  Computerized  scoring  sheets  for  the  pre/posttests* 

3)  Student  attitude  questionnaires  (see    Appendix  D), 

4)  Teacher  questionnaires  (see  Appendix  £)'• 

Teachers  administered  the  pretest   before  any  teachings    As  they  taught 
the  unit,  teachers  recorded  their  reactions  to  the  unit  on  a  detailed 
questionnaire.    At  the  conclusion  of  the  unit,  teachers  administered  the 
posttest   and  the  student  attitude  questionnaires.    All  L.iit  2  evaluation 
materials  were  then  mailed  back  to  AIT,    Data  contained  in  this  report 
include  all  material  received  by  January,  198S, 
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Limitations  of  the  Methodology 


There  are  two  major  iimitirg  factors  that  must  be  considered  when 
interpreting  the  findings:    research  design  and  external  variables  beyond 
the  project *s  control. 
Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  co^   idered,  including: 

*  Lack  of  matched  control  groups. 

The  design  allows  one  to  draw  conclusions  only  about  the  PAlndpto^ 
0^  TzchnoZoQy  course,  but  not  to  compare  these  results  to  other 
comparable  teaching  methods.    The  costs  in  terms  of  time,  resources, 
and  furthei  administrative  impositions  on  the  pilot  test  schools 
prohibited  the  establishment  of  matched  control  groups.    It's  also 
difficult  to  match  ?^unQAJpZu       TzchnoloQy  to  other  courses,  Ivould 
they  be  physics  courses  or  vocational  courses?    Thus,  in  addition 
to  the  fiscal  and  administrative  constraints,  the  matching  process 
irseif  would  be  problematic, 

*  The  pretest/posttest  format.- 

The  same  test  was  used  for  both  the  pre    and  posttest.     The  effect  that 
^nemory  of  the  pretest  m-^ght  have  on  posttost  performance  was  another 
concern^    The  research  design  addi-^ssed  this  conctm  j.n  three  ways: 

i;     Students  were  not  given  the  correct  answers  to  the  pretest. 

The  effect  of  memory  was  limited,  immediately,  to  the  nature  of 
the  questions  without  accompanying  knowledge  of  the  correct  an- 
swers , 

2)    T^/e  posttest  was  administered  more  than  one  month  after  the 
pretes'o.    In  the  interve  ling  time  students  had  many  experi-- 
ences,  both  academic  and  personal,  that  would  mitigate  the  ef- 
fects of  memory, 

3}    A  correlated  t-test  was  used  to  analyze  the  pre/posttest  data. 
This  technique-  helps  to  partial  out  any  variance  that  might 
result  from  an  intruding  correlation — in  this  case  memory, 

*  The  pre/posttest  as  an  instrument  (See  section  on  development  of  the 
instrument,  page  6). 

The  test  cannot  measure  all  objectives.    Therefore  objectives  had  to 
be  sampled.    Also,  the  items  do  not  always  directly  match  the  intended 
objectives.    The  test  was  a  cognitive  test.    Many  of  the  objectives, 
(particularly  the  lab  objectives)  are  psychomotor    objectives.  Each 
of  these  factors  must  be  considered  when  assessing  the  validity  of 
the  instriiment.    It's  important  to  remember,  however,  that  the  test 
is  but  one  of  several  .neans  being  used  to  assess  the  unit. 
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External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  re- 
sults, including: 

*  Equipment  problems. 

Several  teachers  reported  proble:  $  in  securing  necessary  lab 
equipment, 

*  Student  characteristics. 

At  this  time  the  project  does  not  have  adequate  data  to  describe 
the  students  in  the  pilot  test,  although  there  seems  to  be  con- 
siderable variability  in  the  kinds  of  students  in  the  course. 
Attempts  have  been  made  to  collect  these  data,  which  should  be 
available  for  subsequent  units, 

*  Teaching  pattera. 

There  appears  to  be  considerable  variability  in  terms  of  length 
of  classes  and  number  of  class  sessions.    The  project  has  made 
no  attempt  to  control  these  situations,  but  has  instead  attempted 
to    assess    the  impact  of  the  various  conditions  on  the  outcomes. 

So,  both  research  design  and  exten.al  constraints  must  be  considered 
when  interpreting  the  results o    It's  important  to  remember  that  the 
overall  pilot  test  was  designed  primarily  as  a  formative  evaluation  xo 
improve  the  materials,  not  as  rigidl>  controlled  research.  Nonetheless, 
the  validity  of  the  various  data  collection  procedures  must  be  con- 
sidered. 
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Sample 

The  sample  included  417  students  in  24  sites.    Relevant  teach- 
er characteristics  include: 

*  Physics  background 

There  was  a  wide  range  in  the  teachers »  physics  background: 
18o  reported  no  college  physics  courses;  4%  reported  1  col- 
lege physics  course;  48%  reported  2-4  college  physics  courses; 
15%  reported  5-7  and  15%  reported  8  or  more  colleg^^  physics 
courses. 

*  Mathfematics  background 

Almost  all  teachers  (96%)  have  h^d  2  or  more  college  mathe- 
matics courses;  several  (30%)  have  had  5  or  more  college 
mathematics  courses. 

*  Teaching  pattern 

-  Most  (63%)  taught  VJrlnoLpZo^       Tzohnolocjij  on  consecutive 
days . 

Most  (84%)  taught  sessions  that  were  60  .ninutes  or  less. 
Several  (41%)  indicated  they  had  combined  some  classes  into 
one  session. 

*  Preparation  time 

Over  half  (63%)  indicated  they  spe-    60  minutes  or  less 
preparing  to  teach  each  unit  on  WORK. 

Student  characteristics  included: 

*  Gradet 

10      ''5%    11  =  62%    12  =  22% 

*  Se5C 

Male  =  84%      Female  =  16% 
Thus,  even  with  fewer  sites  than  were  includea  in  the  Unit  1  re- 
port, the  student  and  teacher  demographics  were  essentially  the  same 
for  Unit  2. 


t  Due  to  missing    data,  the  pre/posttest  student  demographics  don't 
match  the  student  attitude  demographics. 
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Pre/Posttest  as  an  Instrument 


To  understand  the  results »  one  must  first  understand  the  charac- 
teristics of  the  te^t  as  a  measurement  instrument,  including  the  pro- 
ce? >  by  which  the  test  was  developed  and  what  statistical  analyses 
reveal  about  the  reliability  and  v&lidity  of  the  instrument. 

Over  60  test  questions  were  injtiated  at  CORD  by  the  content  spe- 
cialist.".   In  a  collaborative  -process  between  evaluators  and  content 
s?pecialists  these  questions  vere  pruned  and  revised  to  the  eventual 
33  items.    Each  item  is  tied,  as  directly  as  possible,  to  a  specific 
objective  from  Unit  2.    As  some  reviewers  have  pointed  out,  the  item/ 
objective  match  is  not  always  exact.    This  is  a  valid  criticism,  but 
it's  impossible  to  directly  match  items  to  objectives  because  of  the 
way  the  objectives  are  worded  ("recognize,"  "dei.ine',"  etc.).    It's  im- 
portant to  remember  that  the  instrument  is  attempting  to  measure  mani- 
festations of  learning,  and  often  appx^oximatlons  of  objectives  are 
as  good  as  cognitive  test  developers  can  do.    With  only  33  items 
(targeted  number  of  items  that  can  comfortably  be  tested  in  the  avail- 
able time),  not  all  objectives  could  be  tested.    Therefore,  objectives 
had  to  be  sampled.    Generally,  priorities  for  this  sampling  were  de- 
termined based  on  the  relative  importance  of  the  concepts.     (Appendix  B 
lists  the  objective  each  item    is  intended  to  address  below  the  item.) 

So,  is  it  a  "good"  test?    Generally,  instrumeptr  are  judged  based 
on  reliability  (consistency,  accuracy,  dependability)  and  validity 
(roughly,  is  it  measuring  what  you  think  it's  measuring?).  The  re- 
liability (Spearman-Brown  test  of  internal  consistency)  of  this  instru- 
ment is  .72,  which  is  acceptable  by  most  standards.    Validity  is  a  bit 
mor-^  complicated  to  judge.    A  factor  analysis  of  the  instrument  indicated 
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almost  all  items  related  to  discrete  factors.    This  is  expected,  because 
each  item       tied  to  a  separate  objective.    Readers  are  encouraged  lo 
make  their  own  judgments  about  the  validity  oj.  the  instrument <,  Per- 
tinent questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  oojectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  2  instruc- 
tion? 


so 


Pre/Posttest  Results 


A  variety  of  analyses  of  the  pre/posttest  have  been  conducted. 

The  reader  should  keep  in  mi^d  that  all  reported  numbers  are  mean 

scores  on  the  test,  which  contained  33  items*    The  findings  included: 

Mean  differences  -  The  overall  pretest  mean  was  13*  6.    The  overall 
posttest  mean  was  17o6.    This  increase  was  statistically  sig- 
nificant (correlated  t-test)  at  the  .01  leveU 

However,  when  compared  to  Unit  1,  both  the  percentage  of  in- 
creases (65%  for  Unit  I;  29%  for  Unit  2)  and  the  percentage 
correct  on  the  posttest  (69%  for  Wnit  1;  53%  for  Unit  2)  are 
less  for  Unit  2     This  urobably  indicates  that  either  the  Unit 
2  material  was  more  difficult,  the  test  was  more  difficult,  or 
botho    Because  the  test  is  directly  uied  to  the  objectives,  one 
might  surmise  that  students  found  Unit  2  more  difficult  than 
Unit  1. 

In  examining  Unit  1  data,  the  project  team  established  criteria 
for  acceptable  performance.    These  criteria  included  either: 

1)  70%+  correct  on  an  item  or 

2)  Doubling  of  pretest  score  on  the  posttest. 

In  examining  the  Unit  2  items  against  these  criteria  we  find: 

70%+  or  doubling  of  percent  correct  -  1,  2,  4,  6,  7,  8,  9,  11,  13, 
14  i.69%--close  enough!),  20,  21,  22,  23,  27,  32,  33 

Less  than  70%  and  no  doubling  of  percent  correct  -  3,  5,  10,  12, 
15,  16,  17,  18,  19,  24,  25,  26,  28,  29,  30.  31 

\s  with  Unit  1,  it  will  be  helpful  to  examine  the  content  of  the  items 

on  which  studentr'  performance  did  not  meet  the  acceptability  criteria. 

First,  let's  examine  the  items  according  to  subunits. 

Mechanical  -  Two  of  seven  items  did  not  meet  acceptability  criteria. 
Fluid  -  Two  of  seven  items  did  not  meet  acceptability  criteria. 
Electrical  -  Five  of  seven  items  did  not  meet  acceptability  criteria* 

Thus,  students  performed  the  poorest  on  the  electrical  subunit.  In 

examining  the  items  for  the  electrical  subunit,  3  items  (30,  31,  33) 

dealt  with  mathematics— either  manipulating  a  formula  (30  and  31)  or 


recalling  a  formula  (33).    It's  probably  not  too  surprising  that  students 
performed  poorly  oh  these  items,  since  theyWe  exhibited  an  on-going 
weakness  with  the  math  items.    Probably  more  cause  for  concern  is  the 
poor  performance  on  three  items  (27,  28,  29)  dealing  with  the  key  terms 
of  the  subunit — joules,  amperej,  and  voltSo 

Poor  performance  was  also  registered  on  the  items  (15,  16,  17,  18) 
covering  English  and  SI  torque/work  units,  (Two  teachers  also  indicated 
these  were  confusing  concepts,) 

Finally,  poor  performance  was  registered  on  several  mathematical 
items  (5,  10,  21,  24,  30).    In  seeking  explanations  for  this,  two 
possibilities  seem  to  exist  (remember,  students  are  typically  given  the 
formulas  to  use  in  solving  the  problems): 

1)  Students  might  not  know  how  to  manipulate  the  equations. 

2)  Since  the  formulas  use  scientific  notation,  students  might 
not  remember  what  the  scientific  symbols  indicatec 

Whatever  the  reasons,  the  decision  from  Unit  1  to  nncre  'e  both  the 

remedial  and  advanced  math  content  received  additional  support  from 

these  data. 

Pre/Post  Results  by  Site 

The  attached  graph  (Appendix  C)  indicates  the  pre/posttest  mean 
scores  by  site.    Twenty-two  sites  showed  statistically  significant 
increases;  4  sites  showed  no  statistically  significant  gains.  It's 
important  to  note  that  student  numbers  in  each  class  has  a  major  im- 
pact on  statistical  significance;  the  smaller  the  class  size,  the 
greater  the  gain  must  be  to  become  statistically  significant.  Keeping 
this  in  mind  may  help  to  understand  the  significance  of  :hese  data. 
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Pre/Post  Test  by  Selected  Variables 

The  impact  of  several  variables  on  students'  performance  was  ex- 
amined, including: 

T)    Students '  characteristics. 

a)  sex 

b)  grade 

2)  Teaching  pattern. 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  background ^ 

a)  physics  background 

b)  mathematics  background 

These  variables  were  analyzed  with  an  analysis  of  covariance,  which 
controlled  for  pretest  scores,,  Table  1  examines  the  results  of  this 
analysis;  all  means  reported  in  Table  1  are  for  the  posttest. 

As  Table  1  indicates,  the  student  variables,  sex  and  grade,  had 
little  impact  on  posttest  scores.  However,  the  teaching  pattern  and 
teacher  characteristics  each  had  statistically  significant  impact  on 
student  scores.  These  :  suits  were  consistent  with  results  for  Unit 
1. 
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Table  1 


Results  of  Analyses  of  Main  Effects 


Main  Effect 

Level  of 
Significance 

Subset (n) 

Mean 
Score 

Sex 

.59 

Boys  (349) 
Girls  (48) 

17.60 
17.65 

Grade  * 

.09 

Grade  11  (52) 
Grade  12  (244) 

18.04 
17.27 

Teaching  on 
Consecutive  Days 

.01 

Yes  (284) 
No  (133) 

18.10 
16.42 

Minutes  per  Class 

.04 

LT  50  (216) 
50-60  (86) 
60-90  (29) 
90+  (86) 

17.77 
18.53 
i7,83 
15.98 

Combining  Sessions 

.01 

Yes  (88) 
No  (329) 

19.70 
16.99 

Teacher's  Physics 
Background 

.01 

No  Classes  (103) 
1  Class  (80") 
2-4  Classes  (134) 
5-7  Classes  (40) 
7+  Classes  (60) 

16.17 
18.44 
17.72 
16.97 
18.82 

Teacher's  Mathe- 
matics Background 

.01 

No  Classes  (0) 
1  Class  (1) 
2-4  Classes  (292) 
5-7  Classes  (47) 
7+  Classes  (60) 

13.44 
17.55 
17.60 
18.82 

*  55  students  did  not  indicate  grade,    "est  of  these  were  in  one  class  l^ich  is 
predominantly  tenth  graders. 
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Student  Attitude  Results 

The  student  attitude  findings  (Appendix  D)  indicated: 

-  Most  students  (76%)  liked  the  WORK  unit  either  a  lot  (14%) 
or  a  little  (62%). 

-  The  most  appealing  components  were  the  hands  on  labs  (37%)  and 
the  video  programs  (21%), 

-  The  least  appealing  components  were  the  written  material  (30%) 
and  the  math  labs  (21%), 

-.Half  (50%)  indicated  that  some  of  the  material  was  difficult 
for  them  to  understand. 

-  Most  (87%)  indicated  they  thought  the  material  was  very  (34%) 
or  sort  of  (53%)  important  to  understands 

These  findings  were  very  similar  to  the  student  attitude  findings  for 
Unit  lo 
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Teacher  Results 
Questionnaires  were  returned  from  27  teachers.    Appendix  E 
lists  all  the  teachers'  conunents.    Key  teacher  findings  included; 

*  Time 

Most  (84%)  indicated  the  20-day  plan  of  50-minute  class  sessions 
is  probably  realistic  ^or  the  unit  on  WORK.    Those  who  reported  that 
there  was  not  enough  \^me  tended  to  indicate  that  the  hands  on  labs 
required  more  than  the  allocated  50  minutec. 

*  Teacher  Comfort 

Almost  all  teachers  (92'*^)  Indicated  that  they  felt  comfortable  teach- 
ing the  unit  on  WORK. 

*  Student  Readings 

The  majority  (62%)  indicated  tJ at  their  students  probably  did  not 
do  the  assigned  readings  at  home.    Since  much  of  the  content 
is  contained  in  the    readings,  this  is  a  particularly  troubling 
finding.  # 

*  Teacher's  Guide 

Most  (88%)  indicated  that  the  Teacher's  Guide  provided  them  with 
enough  information  to  implement  the  unit. 

Problems 

The  areas  in  which  teachers  reported  having  problems  with  Unit  I  irxluded 

-  labs,  either  getting  the  equipment^  setting  up  the  equipment,  or 
problems  with  speciric  labs  (13  teachers); 

-  terms  in  the  electrical  subunit  (3).    Student  test  scores  support 
this  as  a  problem  area; 

-  "English  to  metric"  (2); 

-  symbol  use  (1) ; 

-  school  schedule  (1). 


ERIC 


96 


-14- 


Conclusions 

Overall,  the  Unit  2  data  were  fairly  consistent  with  the  data 
for  Unit  1.    Unit  2  data  indicated  that: 

1)  Siginificant  learning  gains  took  place  in  almost  all  classes. 

2)  Students  performed  most  poorly  on  items  dealing  with  mathe- 
matics and  the  electrical  subunit.    Three  teachers  also  in- 
dicated that  the  terms  in  the  electrical  subunit  caused  stu- 
dents pioblems, 

3)  Students  continued  to  indicate  positive  attitudes  about  the 
material o 

4)  Teachers'  comments  indicated  continued  problems  with  the  labs, 

5)  Teachers'  comments  included  several  specific  recommendations, 
which  should  be  examined  carefullyo 

Unit  2  data  support  many  of  the    decisions  the  project  team  made 

based  on  Unit  1  data,  particularly  the  decision  to  increase  the 

amount  of  both  remedial  and  advanced  mathematics. 
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Appendix  A 
Cooperating  Agencies 
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.    Appendix  B 
Pre/Posttest  Frequencies  and  Objectives 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  2:  WORX- 
STUDENT  TEST 


Pre  Post 


K  According  to  the  technical  definition  of  worict  work  In  a  mechanical  system 
Is  done: 

21       4         a.   ar\yt1me  force  Is  exerted 
52      87        *b.  when  force  causes  an  object  to  move 
11         c.  when  the  forces  are  In  balance 
25       8         d.   all  of  the  above 

0-1 

2.  By  the  technical  definition  of  workt  which  of  th^  activities  below  is  not 
considered  work? 

9  4  a.  moving  an  I-beam 

59  92  *b.  holding  an  engine  suspended  with  a  ropeKo1s6. 

19  2  c.  nrvlng  water  with  a  pump 

13  2  d.  dr  '"^Ing  a  hole  with  an  electric  drill 

0-2 

3.  In  the  unifying  equation  for  work,  which  of  the  following  quantities  is  a 
force  or  forcelike  quantity? 

14  12  a.  vol una 
16  13  charge 
50  65  *c*  voltage 

20  10  coul(^ 

0-  1 

4.  Work  Is  equal  to  force  distance  moved^ 


16 

1 

a. 

plus 

3 

1 

b. 

minus 

70 

96 

*c. 

times 

11 

2 

d. 

divided  by 

0-2 

5.   A  forty-five  degree  (45*)  angle  Is  equal  to 

31  *44  *a.  "n74  radians 

21  18         b«  rrradlans 

29  17         c.  2IT  radians 

19  21         d.  ir/2  radians 

M-6 

In  the  following  four  questions  Indicate  vrfiether  or  not  work  Is  being  done  by 
placing  "a"  or  "b"  on  your  answer  sheet,  according  to  the  legend  below: 

a.  Work  being  done 

b.  Work  not  being  done 

54      91  b  6.    Parking  brake  holding  car  on  steep  hill 

0-1 

81      95  a 7.    Elevator  moving  frorrr second  floor  to  first  floor  • 

0-1 

80      95  b8.    Elevator  at  rest  at  second  floor  before  pass  iigers  exit 

0-1 

46      78  a 9.    Parachutist  in  free  fall 

0-1 

^pJq  (See  back  of  this  p^^g)r  questions  10-19) 
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10.   How  much  work  is  done  by  a  helmsman  on  a  ship  who  applies  60  lb  of  force  to 
turn  the  ship's  wheel  2  revolutions  when  the  vrfieel  has  a  3- foot  radius? 
(Hint:  Use  formula  H  «  T  x     9  «  Angle  in  radians) 


48  47  a.  360  ft*lb 
23  13  b.  720  ft^lb 
16      13        c.   1130  ftHb 

13      27       *d".   2260  ft* lb 

M-8 


11.   The  formula  (?npP;\.orr  ^  ^°°)  ^^^ribes 


21  4  a.  n^chanical  work 

59  89  *  b.  %  efficiency 

9  3  c.  angle  in  radians 

12  3  d.  electrical  work 

M-5 

12.  When  calculating  work  done  by  a  force*  distance  object  moves  is  measured 

11  3  a.  when  net  forces  are  zero 

35  40  b.  as  long  as  the  object  being  acted  on  moves 

32  47  *c.  only  while  force  is  applied 

23  10  d.  none  of  the  above 

M-l 

13.  A  force  of  90  newtons  is  required  to  move  a  load.   How  much  work  is  done  iii 
moving  the  load  10  meters? 


18 

7 

a. 

9  N*ra 

11 

2 

b. 

100  N-m 

7 

2 

C. 

450  N«m 

64 

89 

*d. 

900  N*m 

M-2 

14.   Efficiency  of  any  machine  is  a  conq)arison  of 

24  10  a.  force  output  to  force  input  of  the  machine 

11  3  b.  distance  output  to  distance  input  of  the  machine 

36  69  *c.  work  output  by  .the  machine  to  work  input  on  the  machine 

29  18  d.  both  a  and  b 

M-5 

In  the  following  four  questionr,  match  the  units  on  the  right  with  the  correct  de- 
finition on  the  left.  On  your  answer  sheet  fill  in  the  letter  of  the  unit  that 
corresponds  to  the  nuirbered  definition. 

a=41  b=46  c=?  ci=4 

46      53  15.    English  system  torque  unit  a=39  b=53  c=6  d=3  a.   ft  lb 

M-IO   .  a=10  b=13  c=49  d=28 

49       45  16.    SI  torque  unit  a=  4  b=  9  c=45  d=43-  ..  b.    lb  ft 

M-10  a=41  b=37  c=10  d=ll 

41      53  17.    English  system  work  unit  a=53  b=35  c=  7  d=  6  c.  N  m 

M-10  a=  7  b=ll  c=35  d=47 

35      60  18.    SI  work  unit  a=  5  b=  5  c=60  d=30  d.  N/n 

M-10  .  . 

19.   In  fluid  system?  work  is  equal  to 

33  32  a.  pressure  difference  x  fluid  volume  moved 

20  16  b.  pressure  x  change  in  volune  or  volume  displaced 

33  46  *c.  both  a  and  b 

13  5  d.  neither  a  nor  b 

F-2 
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Pre  Post 


ERIC 


Each  fluid  syste«  listed  below  can  be  classified  as  either  an  open  fluid  syste» 
or  a  closed  fluid  system.   For  each  system  indicate  the  type  of  system  with  an 
"a"  (clwed  fluid  system)  or  "b"  (open  fluid  system)  on  your  answer  sheet. 


61      81  b  20.  Auto  fuel  system 

F-l 

69      88  a  21.  Auto  brakfl  system 

F-l 

67      88  b  22.  Fire  department  pumper  truck 

F-l 


68      89  a?3.  Hydraulic  .lack 

F-l       .     ■  3 
24.   If  weight  density  of  water  is  62.4  lb/ft  ,  how  much  work  is  done  in  filling 
a  200-ft^  tank  located  50  ft  above  the  water?  fpP  »  3120  Ib/ft^) 


15 

8 

a. 

17 

11 

b. 

38 

55 

*c. 

30 

26 

d. 

F-5 

624.000  ft'lb 


26  36  *a.  mechanical  work 

63  60  b.  fluid  work 

5  2  c.  electrical  work 

6  1  d«  thermal  work 

M-ll  • 

26.  In  an  electric  motor-operated  pump*  the  efficiency  of  the  pump  is  a  comparison  o 

21  14  a.  force  output  of  the  pump  to  force  input  of  the  pump 

31  45  *b.  fluid  work  done  by  the  pump  to  .electrical  work  done  on  the  motor 

20  13  c.  pressure  output  of  the  pump  to  pressure  input  on  the  pump 

29  27  both  a  and  c 

F-L3  . 

27.  The  unit  of  electrical  work  is  th^ 


24 

14 

a. 

24 

21 

b. 

19 

49 

*c. 

34 

17 

d- 

E-l 

The 

37 

52 

*a.' 

17 

23 

b. 

11 

10 

c. 

35 

14 

d. 

E-3 

29. 

The 

18 

15 

a. 

23 

15 

b. 

16 

13 

c. 

42 

58 

«d. 

E-l 

joule 


joules 


(See  back  of  this  page  for  questions  30*33) 
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30.  A  battery-powered  windshield  wiper  rotor  is  activated  for  10  seconds  and 
draws  a  current  of  5  anperes  at  a  voltage  of  12  volts.    Find  the  total 
amount  of  charge  nwved.   (q  »  I  x  t) 

11  5         a«   O.S  coulombs 

35  24         ^'  60  coulombs 

36  56        *c.   50  coulombs 
18      14  d.   120  coulombs 

E-2 

31.  A  12-volt  battery  can  store  8000  coulombs  of  electrical  charge.   If  the 
battery  is  "dead,"  how  much  work  must  be  done  to  recharge  the  battery  to  a 
potential  difference  of  6  volts?   (W  «  V  x  q) 

12  6         *•   72  joules 
2Q       9  b.    1333  joules 
Af,      CQ        *c.   48000  joules 

25       27  ^'  ^^""0 

32.  fer  an  electrical  device  to  be  lOOX  efficient 


2S  8  a.  the  work  out  would  be  greater  than  the  work  in 

12  8  b.  the  work  out  would  be  less  than  the  work  in 

S2  76  *c.  the  work  out  would  be  the  same  as  the  work  in 

11  8  d.  the  electrJcal  device  could  have  no  moving  parts 

E-7 

33.   Which  of  the  following  equations  correctly  defines  electrical  work? 

27      14  a.    w  »  F  X  d 

32      66         *b.    W  »  (AV)  X  q 

20  S  c.    W  »  {tP)  X  h 

21  IS  d.    W  a  (£^V)  X  I 

E-1 
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Appendix  C 
Mean  Scores  by  Site 


:i  104 


P.T.  UNIT  TOO 

P  RE-TEST  POST-TEST  RESULTS 


rsry 


21 
20 


19  - 


18 
17 
16 
15 
14- 
13 
12 
1  1 
10 
9 
8 
7 


A. 


7^ 


Posttest  Scores  y 


A 


\ 


r 


/ 


/ 


n 


V 


\ 


Pretest  Scores 


1 — 1 — I    1  r 


1 — 1 — I    I  r 


T — I — r 


58    8      5    56      23    30    13    25    62    21  6^    6      33    42    27    45    12    11    38    9    29    36    17    32  7 
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Appendix  D 
Student  Attitude  Data 
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'All  numbers  in  % 

PRINCIPLES  OF  TECHNOLOGY 
STUDENT  AHITUDE  QUESTIONNAIRE 


Sex:        Female  Male 

Grade:   ^9  10    62_  ''1     22-12  Adult=l 

1.  Overall,  did  you  like  the  unit  on  WORK? 

_i4_yes,  a  lot  24__  no»  "o*  ^ery  much 

62__ yes,  a  little  ^ no,  not  at  all 

2.  Khat  component  did  you  like  most  in  the  WORK  unit? 

_4_  the  written  material 

21    the  video  programs 

T"  the  math  labs  more  than  1  =  11 

57    the  hands  on  labs 

HT"  no  preference 

3.  What  componenet  did  you  like  least  in  the  WORK  unit? 

30    the  written  material 

~Sr  the  /ideo  programs 

2T~"  the  math  labs  more  than  1  =  9 

T"  the  hands  on  labs 

54    no  preference 

4.  Was  the  material  that  was  covered  in  the  WORK  unit  difficult  for  you 
to  understand? 

8  yes,  most  of  the  material  was  difficult  for  me  to  understand 
^yes.  soma  of  the  material  was  difficult  for  me  to  understand 
4T~  no,  most  of  the  material  was  not  difficult  for  me  to  understand 

5.  Do  you  think  the  material  in  the  WORK  unit  is  important  for  you  to 
understand? 

34_yes,  very  important  JL_  no»  "o*  ^^''^  important 

53__yes,  sort  of  important        _5_no,  not  at  all  important 

THANK  YOU! 
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Teacher  Data  and  Comments 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  II:  WORK 
TEACHER  QUESTIONNAIRE 


n=2Vl."  Did  you  teach  Unit  II;  WORK  on  consecutive  days  for  20  days? 
63    yes  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 
See  attached  comments 


n=26  2.   How  much  time  per  session  did  you  teach? 

50    50  minutes  or  less  _a_  60-90  minutes 

3U    50-60  minutes  _a.  90+  minutes 

n=27  3.   Did  you  combine  any  classes  into  one  session  (for  example,  teach 
classes  CI  and  C2  in  one  session)? 

ia_  yes    ^  no 

yes,  which  classes  did  you  combine? 

See  attached  comments 

n=26  4.   Based  on  your  experiences,  do  you  think  the  20  -day  plan  of  50- 
minute  class  sessions  is  realistic  for  the  unit  on  WORK? 

_2fi_yes,  definitely  _l2_  no,  probably  not 

_5fl_yes,  probably  _iL."0»  definitely  not 

If  no,  please  explain: 

See  attached  comments 


n=27  5.   On  average,  how  much  time  did  you  spend  preparing  to  teach  each 
class  in  the  unit  on  WORK?' 

22__  0-30  minutes  90-120  minutes 

ui    30-60  minutes  120-180  minutes 

26     60-90  minutes  180  or  more  minutes 

Conments: 

See  attached  comments  HQ 
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n=276.   Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 
7  definitely    30__  probably    J9_  probably  not         definitely  not 
Coiments: 

See  attached  comments 


n=277.   Overall,  did  you  feel  comfortable  teaching  the  materials  in  the 
unit  on  WORK? 

^2_yes,  very  comfortable  _J1L  "0»       *2ry  comfortable 

3o_yes,  sort  of  comfortable  no,  not  at  all  comfortable 

If  no,  please  specify^ 

See  attached  comments 

8.   What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit 
on  WORK? 

See  attached  comments 

n=269.   Do  you  feel  the  Teacher's  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit? 

_ij6_  definitely     42  probably    _8_  probably  not      u  definitely  not 

If  nbt  what  should  be  added  to  the  guide  to  make  it  more  useful? 

See  attached  comments 


n=27l0.   How  many  physics  courses  did  you  take  in  college  (undergraduate  and 
graduate)? 

18  none  5-7 

u  1  3.5  8  or  more 
JiS_  2-4 

n=27ll.   How  many  math  courses  did  you  take  in  college  (undergraduate  and 
graduate)? 

 none  ^-^  5-7 

4  1  _18_  8  or  more 
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12.   Do  you  have  any  other  comirents,  concerns,  or  suggestions  for  the 
unit  on  WORK? 

See  attached  comments 
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The  following  chart  lists  each  activity  for  the  unit  on  WORK 
down  the  left  column.   Since  there  are  no  materials  specifically  for 
the  sub-unit  review  classes,  these  classes  have  not  been  listed  in 
the  chart.   For  each  activity,  you  should  respond  to  the  following 
questions  by  circling  "yes"  or  "no": 

■1)  Was  the  material  (readings,  labs,  or  videos)  appropriate 
for  your  students?  Was  the  material  at  the  right  grade 
level?  Was  the  amount  of  material  appropriate  for  your 
students?-  For  any  no  responses,  please  use  the  attached 
pages  to  describe  your  concerns. 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction 

in  the  50-minute  time  period?   (Since  this  question  doesn't 
apply  to  the  video,  no  response  options  have  been  provided 
for  the  colunn.  Please  do  respond,  however,  to  the  other 
questions  sbout  the  video.)   For  any  no  responses,  please, 
use  the  attached  pages  to  describe  why  you  could  not  com- 
plete the  material  and/or  what  you  chose  to  delete. 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?  For 
any  yes  responses,  use  the  attached  pages  to  specify  the 
errors  and  recommended  corrections. 


4)  Were  there  any  problems  managing  the  activity?  For  the 
labs,  were  all  your  students  able  to  rotate  through  the 
labs?  Did  you  experience  any  problems  coordinating  the 
activity?   For  any  yes  responses,  use  the  attached  pages 
to  specify  the  problems  you  had  and,  if  possible,  sug- 
gest changes  that  you  feci  would  enable  you  to  more  easily 
manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material? 
For  any  yes  responses,  use  the  additional  pages  to  specify 
your  suggestions,    fnclude  in  this  section  any  "teaching 
tips"--special  procedures  you  used  or  means  you  discovered 
to  more  easily  convey  the  information  to  students.  Include 
in  this  section  any  comments  you  may  have  for  the  Teacher's 
Guide. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  most  importantly,  to  write  down  your  comments.   If  you  need 
more  space  for  caments,  use  the  back  of  the  comments  pages  and/or  attach 
additional  sheets. 
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UNIT  II:  WORK 
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See  attached  coinments 


Comments  for  CO  Class 
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Conwents  for  Videos 

Overview  Video:    see  attached  comments 


Mechanical  Systems  Video:    see  attached  ccmnents 


Fluid  Systems  Video:    See  attached  ccmraents 


Electrical  Systems  Video:    see  attached  comments 


Summary  Video:     See  attached  comments 
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Comments  for  CI  Classes 
Mechanical  Systems  CI:    see  attached  comments 


Fluid  Systems  CI:     See  attached  comments 


Electrical  Systems  CI:    See  attached  comments 
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Conments  for  C2  Classes 
Mechanical  Systems  C2:    See  attached  comments 


Fluid  Systems  C2:     See  attached  comments 


Electrical  Systems  C2:    See  attached  comments' 
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Comrents  for  Math  Lab  Classei; 
Mechanical  Systems  Vith  Lab:   See  attached  comments 


Fluid  Systems  Math  Lab:    See  attached  comments 


Electrical  Systems  Math  Lab:   see  attached  comments 
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Comments  for  Lab  1  Classes 
Mechanical  Systems  Lab  1:   See  attached  comments 


Fluid  Systems  Lab  1:    See  attached  comments 


Electrical  Systems  Lab  1:    see  attached  comments 
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Conments  for  Lab  2  Classes 


Mechanical  Systems  Lab  2:    See  attached  coronents 


Fluid  Systems  Lab  2;    See  attached  comments 


Electrical  Systems  Lab  2:    see  attached  comments 
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Commsnts  for  Summary  Class 

See  attached  commen'-s 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  Ii:  WORK 
TEACHER  QUESTIONNAIRE 

QUESTION  1  COMMENTS 

Did  you  teach  Unit  II:  WORK  on  consecutive  days  for  20  days? 

1.  Two  days  a  week,   2  hours  a  day.  (fti3) 

2.  Additional  material  was  added,   and  the  math   labs  were  done  as  home- 
work. (#07) 

3.  For  24  days.  (#32) 

4.  Two  and  three  days  a  week.  (tt58) 

5.  We  skipped  weekends.     Actually  lost  three  days  mid-unit  to  school 
site.  (#06) 

6.  4  days  a  week.  (#63) 

7.  Week  of  double  periods,   week  off.  (#30) 

8.  Used  standard  pattern  but  had  too  many  interruptions.  (#60) 

9.  95  minutes  every  other  day.  (#11) 

m 

10.  3  days  a  week.  (#25) 

11.  I  tSwUght  on  consecutive  days  but   it  took  more  than  20  days.  (#38) 

12.  We  skipped  several  days  because  of  deer  season,   parent-teacher  con 
ferences,   etc.  (#08) 
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QUESTION  3  COMMENTS 

Did  you  combine  amy  classes  into  on^  session   (for  example,   teach  clas- 
hes CI  and  C2  in  one  session)? 

1.  CI,   C2  Electrical.  (»07) 

2.  CI  and  C2.  («46) 

3.  CI  and  C2.  (ttOS) 

4.  Usually  CO  and  CI  on  one  day.     Math  and  LI  on  2nd  day.     L2  and  Sum- 
mary on  3rd  day.     BooUkeepins  and  quiz  on  4th  day.  (#30) 

5.  Most.  (»55) 

A.  Electrical  CI  and  C2.  (**60) 

7.  Combination  of  CI  and  C2  and  a  demo.  (1111) 

8.  Teach  in  straight  time  but  don't  break  up  lessons.  (#25) 
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QUESTION  4  COMMENTS 

Based  on  your  experiences,  do  you  think  the  20-day  olan  of  50-minute 
cTass  sessions  is  realistic  for  the  unit  on  WORK? 

1.  Labs  take  too  much  time.  <tt62) 

2.  You  do  not  have  time  to  get  set-up  and  then  teach  or  for  students  to 
set-up  their  lab.  (#58) 

3.  More  work  on  the  math  is  needed  -  extra  problems,   review,  practice. 
(«27) 

4.  I  like  students  to  be  involved  in  set-up.     This  requires  as  much  as 
20  minutes,   but  a  valuable  experience.  (#06) 

5-.     I'm  going  to  try  to  combine  the  two  discussion  days  -  do  the  demon- 
stration and  math  lab  on  1  day  and  see  if  I  can  get  a  little  more 
time  for  the  labs.  (»38) 
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QUESTION  5  COMMENTS 

On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  in 
the  unit  on  WORK? 

1.  Labs  took  longer  if  you  count  set-up  time.  («56) 

2.  Depending  on  available    materials.  <«06) 

3.  This  time  includes  the  set-up  and  take-down  o-f   labs.  (#36) 
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QUESTION  6  COMMENTS 
Do  you  think  most  o-f  your  students  did  the  assigned  readings  at  home? 

1.  My  students  do  the  readings  in  class  as  we  meet  3  hours  a  day.  (#17) 

2.  We  read  the  material   in  class.  (#09) 

3.  60%  probably,   40%  probably  not.  (#42) 

4.  I  have  10  students  and  I  think  at  least  6  o-f  them  did  the  assignments. 
(#46) 

5.  During  study  hall.  (#62) 

6.  They  don't  have  enough  •accountability"  exercises  -  questions,  problems, 
etc.   at  each  day's  block.  (#06) 

7.  Daily  checks  on  reading  at  start  of  period  have  been  initiated  -  short 
written  quizzes.  (#27) 

8.  We  did  some  o-f  the  assigned  reading  in  class.  (#58) 

9.  Seme  did  and  some  didn't,  but  more  chose  not  to  read  at  home.  I 
tried  reading  time  in  class   (that's  how  I  got  behind).  (#32) 

•10.     It's  been  difficult  to  get  them  to  read  at  home,  when  they  take 
notes  in  class.  (#05) 

11.  Based  on  test  results,  my  impression  was  that  it  is  time  for  an 
emotional  rejuvenation.  (#30) 

12.  There  is  too  much  introduction  in  the  labs  for  the  kids  to  read.  I 
suggest  that  it  move  into  Ci  and  C^.  (#37) 

13.  It's  hard  to  get  them  to  read  the  assignment,   I'm  going  to  start 
quizzing.  (#11) 

14.  It  seems  that  few  if  any  of  us  are  having  much  luck  getting  our  stu- 
dents to  rea4r>  (#38) 

15.  Students  will  not  do  it.  (#08) 
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QUESTION  7  COMMENTS 

Overall,  did  you  feel  comfortable  teaching  the  materials  in  the  unit  on 
WORK? 

1.  Some  of  the  material   I  was  not  familiar  with.  <**58) 

2.  Format  is  now  begining  to  feel  comfortable.  (tt30) 

3.  I  am  a  forestry  teacher,   I  did  not  enjoy  physics  when  I  took  it  in 
college  and  still  do  not.  (MOS) 
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QUESTION  8  COMMENTS 


What,   i-f  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 


WORK? 

1.  Labs.  (*13) 

2.  Symbol  use.  (tt62) 

3.  Vague  labs.  "  (t»42) 

4.  Once  I  spent  the  time  reviewing  the  material   I  had  no  problems.  Short- 
age of  lab  equipment.  (#33) 

5<  Lack  of  sub-unit  tests.  (#09) 

6.  The  Joule.      I  had  to  review.  (ttl7) 

7.  Limited  materials  for  unit  on  fluids   (messy  for   labs).  i#06) 

8.  Labs.  <#56) 

9.  Repetition  of  demonstrations  as  labs.  (tl27) 

10.  Some  of  the  terms  in  the  electrical   systems.  (^58) 

11.  Electrical  WORK,   the  efficiency  always  seemed  to  be  too  low.  <tt32) 

12.  You  used  scientific  notation  and  did  not  take  time  to  explain 
how  you  use  it    (I  stopped  and  explained   it).  (tlOS) 

13.  Supplies  and   lab  set-ups.     Running  papers.  (tl55) 

14.  Work  Done  by  a  Winch  lab.     Text  illustration  on   lab  set-up  was 
vague  and  directions  left  much  room  for  misinterpretation.  (tt30) 

15.  Labs,  equipment  set-up  is  elaborate  for  the  short  period  spent  on 
task.  (t)63) 

16.  Joules,   coulombs,  and  where  they  would  be  used  in  a  work  situation, 
(ttll) 

17.  School  schedule.  i#60) 

1.8.     Lab  2F1,   this  experiment  proved  to  be  unsatisfactory.     Three  beakers 
were  broken  while  attempting  this  lab.     Balloons  were  also  broken. 
Equipment  not  safisfactory  for  the  experiment.  (tt36) 

19.  The  lab  in  Electrical  WORK  ond  on  Work  Done  by  a  Motor.  (tt08) 

20.  There  is  just  not  enough  time  to  cet-up  and  complete  the  labs  and 
put  up  the  equipment  in  a  50-minute  period.  (tt38) 

21.  Going  back  and  forth  from  English  to  metric.  (tt2S) 
2!2^    Metric  and  ?nath  problems.  (ttlO) 
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QUESTION  9  COMMENTS 

Do  you  feel  the  Teacher's  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit? 

1.  Lab  directions  could  be  more  concise.  (M07) 

2.  Should  give  example  answers  on  lab  experiments.  (#13) 

3.  Subunit  tests.  <#09) 

4.  Appendix  on  special  equipment  much  too  brief.     Need  suggestions  as  to 
supply  (local)   or  subst i tute . labs.  <#06) 

5.  Reiterate  comments  on  FORCE  unit.  <M30) 

6.  More  specifics  on  setting  up  the  lab  experiments.  <«37) 

7.  When  the  book  is  finalized  we  need  an   index.  (il38) 


ERLC 


131 


-50^ 


QUESTION  12  COMMENTS 


Do  you  have  any  other  commentSp  concerns,   or  suggestions  for  the  unit  on 


WORK? 


Experiments  should  be  a  little  more  explanatory.     The  one  on  Torque 
using  fishing  reel  was  very  inconclusive.  <M13) 

2.  I  still  do  not  have  all  af  the  Sargent-Welch  equipment  to  do  all  the 
labs.     They  promised  and  did  not  fulfill.     I  also,   by     virtue  of 
teaching  an  Electronics  1  and  II  class.   El  ctricity  I  and  II  classes 
plus  a  State  evaluation,  VICA  and  sundry  other  requirements  do  not 
have  time  to  fill  this  form  out.     Sorry  about  that.  iH62) 

3.  I  think  this  unit  was  excellent,  the  information  was  complete  enough 
yet  easy  to  understand .  There  is  one  poi  nt  about  the  I abs:  I  th  i  nk 
if  we  provide  the  experiment  in  video  and  show  it  to  the  students 

it  would  be  a  great  help  to  them.  (tl46) 

4.  Lab  E2  on  solenoids.     Should  be  more  structured,   the  slower  stu-  . 
dents  need  more  direction.  (tt42) 

5.  Math  skills  and  substituting  in  formulas  and  isolating  was  ex- 
cellent.    More  aids  in  that  order  would  be  appreciated.  (1(33) 

Subunit  tests,   additional  questions  and  problems.     We  still  have  not 
received  funding  for  the  lab  portion  of  this  course.  Consequently 
we  have  not  been  doing  the  labs.  {^09) 

7.  I  missed  having  something  in  thermal   to  work  with.     No  suggestions 
at  this  time.  (*»17) 

8.  I  feel  you  should  give  some  sample  problems  for  teachers  to  use,  so 
that  you  can  give  the  students  extra  problem  solving.     I  have 
enough  knowledge  to  mana'^^e,   but  some  teachers  might  appreciate  this 
extra  help.  (ttOS) 

9.  Everything  has  gone  fine  up  to  the  point  where  we  got   involved  in 
Electrical  WORK.     Then  we  bogged  down.     The  kids  had  trouble  un- 
derstandng  that  area.  (H32) 

10.  Variety  for  demonstrations  and   labs  is  needed.     Use  2  different 
set-ups  to  better  d eve  lop  the  i  deas  and  concepts.  i^27) 

11.  Definitely  need  a  list  of  optional    labs.     We  were  given  $16,000 
for   salary  and  materials   (we  team  teach) ,   not  enough  money  for 
blanket  order,   not  enough   lead  time  to  specifically  order  things 
we  don't  wish  to  assemble.     To  qualify  for  science  credit  ac- 
tivities must  be  hands  on,   not  demonstration.  (H06; 

12.  More  prep  time  needed  for   instructor  teaching  this  program  to  set-up 
labs.  (ttSS) 


13.     There  were  a  number  of   locally  generated  problems  with  completing 
the  WORK  unit:     Thanksgiving  day  rallies,  class  fund-raisers.... 
Much  of  the  time,  ©specially  during  the  latter  part  of  the  unit. 
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class  attendance  was  very  spotty.     In  addition,   since  we  have  now 
aoaroached  ThanUsgiving  recess  with  a  deliberately  unselected 
group,  several  students  are  beginning  to  demonstrate  motivational 
problems.  (tt30) 

Math  Labs  should  be  much  longer  and  more  invovled.     They  really  are 
too  much  an  easy  single  concept  idea.     -Math  Application"  math 
labs  would  be  helpful.     Is  it  possible  to  have  math  labs  on  video 
like  you  did  for  Unit  1?     Include  -fun"  demonstrations.     We  need 
excitement.     Trust  me,   these  are  kids,   they  are  a  captive  audience. 
Remember  this  is  high  school  and  they  are  not  in  high  school  by 
choice  (as  college).     We  need  to  motivate  by  exciting  them  about 
technology.     Please  help  us  create  excitement.  i^Z7) 

iZ.     The  only  possible  objection  I  would  have  is  that  some  o+  the 
classes  were  hard  to  constructively  use  a  full  50  minutes. 
I»ve  got  five  different  preparations  in  my  position  and  it  makes 
it  tough  to  do  justice  to  the  prep  for  this  class.     I  wish  my 
administration  had  as  much  commitment  to  the  program  as  I  do.  (*»60) 

16      Labs  tend  to  be  too  short.     More  activity  should  be  planned  and 

incorporated  in  each  lab.     It  is  better  to  have  too  much  activity  than 
not  enough.     Some  of  the  Math  Labs  can  be  completed  in  about 
ten  minutes.     We  must  supplement  these   labs  with  teacher  prepared 
exercises.     That  takes  more  time  for  class  preparation.  High 
school  students  need  someting  to  get  them  going.     More  lab  ac- 
tivity of  the  right  kind  can  ijet  them  motivated.  («36) 

17.     Some  labs  were  way  too  complicated  for  our  teachers  and  students. 

We  did  not  appreciate  the  material   used  as  dividers  on  Unit  3.  En- 
closed please  find  an  example.  (ttOS) 
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COMMENTS  FOR  CO  CLASS 


1.  W©  need  more  testimony  from  on  the  Job  people  about  why  they  have  to 
know  technical  principles.  (»17) 

2.  Very  beneficial-     Gave  us  a  chance  to  look  at  the  relationship  oi  all 
the  systems  and  how  they  can  work  together.  <H33) 

3.  Nice  class,  worked  well.     Kids  interested  and  follow  well.  i^ZO) 

4.  I  had  difficulty  presenting  this  material   in  the  manner  that  I 
would  like.     This  seems  to  be  a  recurring  problem.  {^iil 

5.  Mcare  discussion  following  objectives.  (^08) 

6.  We  are  using  as  many  outside  people  in  the  local   industry  as  possible, 
to  come  and  speak  to  both  classes  anywhere  from  10  minutes  to  an  hour 
on  how  that  unit  we're  on  affects  them  in  their  work.     Our  class  con- 
sists of  machine  shop  And  welding  students  and  if  at  all  possible 

I  have  people  from  a  completely  different   line  of  work.     During  the 
FORCE  unit  we  had  the  head  of  Dodge  City  water  works  talk  about  the 
water  system   (Fluid).     On  Electrical  unit  2,   had  a  young  female  Med. 
Tech.  from  the  local  hospital   talk  about  some  of  her  equipment.  Thermal 
brought  a  local  Heating  and  Air  Conditioning  repairman.     The  local 
Farmland  Rep.   talked  to  us  about  '•density*   in  his  product  (fertilizer). 
On  the  WORK  unit  I  could  not  come  up  with  a  speaker.     On  Unit  2  Rate,  I 
had  the  local  Police  Department  come  to  talk  to  us  about  ballistics,  the 
local  Fire  Department  will  have  one  of  their  Engineers  speak  to  us  about 
their  Fluid  roles,   etc.     Our  own  Auto  Mechanics  instructor  will  speak  to 
us  about  electrical  rates  in  the  auto  mechanics  trade.     Using  local 
people,   that  many  of  the  students  know,   to  describe  their  use  of  the 
material  we're  looking  at,   seems  to  help  a  great  deal.     At  least  it 
should  show  the  students  that  many  people  in  all  types  of  work  use 
this  type  of  cnaterial  i.nd  find   it  very  important.  (tt21) 
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COMMENTS  FOR  VIDEOS 


* 


1.  MechanlcalJ     Goad  teaching  concepts.  (H07) 

2.  In  general  I  think  i-f  the  videos  were  a  little  more  detailed  they  would 
have  a  better  result,  students  like  them.  Also,  if  we  give  some  of  the 
lecture  first,   then  show  the  videos,  or  we  show  them  during  the 

CI  and  C2  classes,   they  are  going  to  make  more  sense  to  the  students. 
(M46) 

3.  Overview:  good  introduction  although  it  moves  rather  fast.     We  had  to 
back  up  several  times  to  get  all  the  formulas,   students  wanted  to 
write  them  down. 

Mechanical:     good  to  see  some  technical  applications  using  computers. 
Seem  to  take  its  time  and  explain  things  a  little  better.  (^33) 

4.  The  videos  give  good  variety  to  everyday   learning.     All  good!      I  like 
testimony  by  people  as  to  why  they  need  to  know  principles.     I  li^e 
the  humor.     I  da  not  believe  the  videos  should  address  specific 
principles  only.     They  should  be  broad  and  address  generalizations  of 
technology.     Let  the  students  search  far  the  specifics.  (tti7) 

5.  Overview:  The  students  seemed  to  feel   the  videos  are  getting  more 
professional •  (#05) 

6.  Electrical:   Scientific  notation  should  be  added  at  this  point. 
Summary:   Bridge  raising  is;  not   "work"    it   is  (lorque.  (tt27) 

7.  All  videos  were  well  done.      I  do  feel   that  a  little  more  ex- 
planation and  examples  in  each  would  enhance  their  effectiveness. 


8.  I  have  no  complaints  with  any  of  the  videos*     Overall,   they  are 
of  good  quality  end  address  the  subject  well.     Hc;wever,  for 
high  school  stuaents,   the  video  might  be  more  detailed,  this 
applies  to  all  videos.  (#36} 

9.  Overview:     Work  for  the  girl  going  up  the  stairs  and  the  high  jump- 
er would  only  be  equal   if  they  had  the  same  mass.     Also  it  would 
only  be  equal   if  they  traveled  the  same  distance.     The  video 
shows  they  are  equal  even  though  it  rnay  state  the  apposite.  (f*60) 

10.  My  comment   is  the  same  throughout.     The  kids  are  finding  them 
to  be  too  much  the   same.     The  kids  would   like  the  videos  to  be 
a  little  bit  deeper,    interesting,   etc.  (tl37) 

11.  Mechanical:     Management  problem;   v ideocassette  only  nad  Overview 
on  it,  so  students  did  not  see  video  until  review  time. 

Electrical:     Students  cannot   identify  with  a  trolley  bus.  Pro- 
nunciation of  couiorrb?     Distraction  of  front  view  of  van  with  elec- 
tric car  then  back  view  of  pick-up  truck.     Why  6  volt  bat^teries 
instead  of   12  volt  batteries  in  electric  car? 


(<t63) 
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Summary:     Review  more  o-f  what  will  be  on  test.  (♦♦08) 

12.  The  videos  are  fine  -  the  comments  by  the  students  are  all  positive, 
time  and  content  are  very  9aad.     We  need  a  briefing  video  for 
registration  next  year.  (H3a) 

13.  Probably  a  car  lift  being  used  might  show  distance  moved,   etc.  (rt25) 

14.  Videos  are  all  well  done  and  seem  to  keep  the  student's  interest.  iH2i) 
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COMMENTS  FOR  CI  CLASS 


1.  All  were  goad.  (#13) 

2.  All  were  goad.  («17) 

3.  They  were  excellent.  (t*46) 


4.     Electrical:     Tried  reading  time  in  class,   didn't  finish   in  50  minutes. 
(#32) 


5.  We  had  time  so  we  did  not  push  to  get  through.     The  students  en*oyed 
the  li^bs,   so  we  used  the  extra  time  to   let  them  work  an  experiments. 
We  have  2  1/2  hour  class  periods.     We  tie  the  technical  class  in  with 
our  machine  shop  class.      It  seems  to  be  working  well   so  far.  {#58) 

6.  Mechanical:     Example  2C  should  read  similar  to  question  #13  on  page 
23,   with  the  engine  block  weighing  540  pounds  and  being  lifted 

one  foot. 


7.     Fluid:     CI  and  C2  took   less  than  80  minutes.     Needs  mere  meat, 
and  the  demo  seems  to  be  of   little  value. 

Electrical:     Add  motor  demo  to  explain  very  basics  of  motors. 
Also  can  preview   lab  and  do  demo  today  instead  of   C2.  (#56) 

3.     Electrical:     For  electrical,    the  students  wanted  to  know  the 

relationship  between  newton-meters  and  joules,   and  the  relation- 
ship to  energy.     I  had  to  explain   it  in  terms  of  j  oul^ss/coulomb^ 
1  volt   (they  seemed  to  understand  that  better).     I  only  took  one 
period  for   lecture  on  this  and  used  the  other  days  for  extra 
math.  (#05) 


9.     All  covered  the  material  adequately.  (#63) 

10.     Mechanical:     Well  'ione,   especially  the  section  on  radians. 
Radians  gave  them  the  most  trouble. 


Fluid:     We  need  simpler  explanations  of  Delta  7  and  Delta  V.  We 
just  tell  them  atrn,   pressure  is  involved,   or  it  is  the  volume 
displaced  by  the  cylinder  and  they  can't  picture  it  in  tneir 
minds.     It's  an  abstract  idea  if  you've  never  seen  a  hydraulic 
cylinder,   or  evrf?n  if  you  have.      I  suggest  demonstration  of 
showing  a  Delta  P  and  Delta  V/.     May  you  can  help  us  come  up  with 
some  tht-.t  would  be  fun  for  the  kids  to  watch.     I'm  going  to  be 
honest  uith  you  -  I'm  at  a  loss  when  I  t -y  to  come  up  with  these 
things  because  I  teach  science  and  not  voc.   ed.     I  need  to  use 
some  really  neat  demos  that  thr*  kids  would  already  have  familiarity 
with  that  I  could  make  fun  for  them.      I  need  help  with  relevant 
examples  of  hydraulics  etc.     Please  listen  to  me  -  that   is  what  is 
lacking;   the  '•fun"  aspect  of  this  course.     I'm  not  saying  I'm  not 
•creative  but  this  is  rny  ist  year  teaching  t^.cse  appli-abie,  vo- 
cationa'   examples  and  I'm  not  well  versed  in  this  stu-f  yet.  So 
maybe  ynu  can  help  us  teachers  be  creative.  (#37) 

I  believe  ths.t  the  discussions,   demos,   and  rre.th  lab  cm  be  d;ne  in 
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*       2  -  2,1/2  days  releasing  some  more  time  for  labs.     We  need  it.  I'll 
know  when  1  get  into  RATE.  (*»3S) 

12,  Electrical:     Students  did  not  understand  scientific  notation.  (M08) 

13.  We  make  and  use  a  lot  of  overheads  for  all   classes  and  labs.  (#21) 
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COMMENTS  FOR  C2  CLASS 

1*     Excellent.  (#46) 

2.  Fluid:     page  57  the  given  answer   is  incorrect,    it  should  be  0.00012 
meters  cubed.  (#33) 

3.  All  were  good.  (#17) 

4.  Electrical:     Tried  reading  time  in  class  again.  (#32) 

5.  Electrical:     Demo,   solenoids  and  relays  and  some  basic  coils  to  show 
how  magnetic  field   is  produced  and  how  a  solenoid  works.  (#56) 

6.  Mechanical:     Demonstration   information  page  A-6   last   line  of 
#4     pi=1.57,   should  be  Theta=1.57.  (#13) 

7.  Fluid:     We  replaced  RV  pump  with  an  aquarium  pump  and  the  end  of 
a  drill   pump.  (406) 

8.  Mechanical:     Math   lab  should  preceed  this  lesson. 

Fluid:     Lab  and  math  taUe  too   long.     Should  be  2  lesson  periods. 
Several  additional  math  problems  should  be  added  for  practice. 
(#27) 

9.  Mechanical:      I  think  distinguishing  between  torque  and  work  with 
Ib-ft  and  f t* lb   is  confusing. 

Fluid:  Page  57,  step  3,  example  2G,  there  is  a  decimal  error  in  Delta 
V.  (#38) 

10.     Mechanics   :     Students  did  not  understand  ra^dians.     Ft*  lb  and   lb«ft  are 
the  ijame     nd  should  be  used  only  one  way.     This  is  confusing  to  stu- 
dents. 

Fluid:     Demo  has  an  error   in  calculating  Delta  P. 

Electrical:     Demc  caused  some  frustration  far  me.      I  do  not  have  an 
electrical  background  and   I  blew  several   fuses  in  meters  before 
getting   them  set  correctly.      x  iid  not  know  how  many  amps  the  motor 
would  pul 1 .  (#03) 

1 .     More  student  viork  exercises.  (#10) 
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COMMENTS  FOR  MATH  LAB  CLASSES 

1.  Math  labs  are  not  demanding  -for  our  students.  (#07) 

2.  Goad  exercise  -far  the  mind.     Should  help  students  feel  mare  cam- 
■fartable  with,  math  and  build  math  strength.  (ttl?) 

3.  Fluid:     goad  ex^jrcises.  (♦♦33) 

4.  In  general    ii  we  categorize  the  students   in  terms  of  their  grade, 
it  wouldn't  be  correct.     Because  I  have  some  students   <3  out  of 
10)   who  don't  understand   the  basic  mathematics   like  addition  and 
subtraction,   so  the  math   lab   is  not  really  a  big  help   to  them. 

I  also  have  some  students    (7  out  of   10)   who  know  more  math  than 
they  need  for  this  course  and  the  math   lab   is  completely  a  waste 
of  time  for  them.     Anyway  I   think   if  we  have  the  math   labs  before 
the  CI  end  C2  classes,    it  would  be  more  help  to  the  students.  (#46) 

5.  Mechanical:     Shc*ild  came  bef ere  C2. 
Fluid:     This  sho.ild  be  included   in  Unit  1. 

Ele'-trical:  We  Jise  on.y  digital  VOM's  -  not  appropriate  for  our  pui — 
poses.  (#27) 

6.  Elect»^ical:     Too  easy.  (*»32) 

7.  Pluid:     There   is  an  error  on  page  T-6S  in  step  3;    it  should  read 
62.3  ftlb/6.23  Rad.  (ttlS) 

3.     Mechanical:     We  finished  most  of  our  math   labs   in   less  than  50 
minutes.     Also  I  feel   you  should  have  taken  time  to  explain 
scientific  notation  and  how  to  work  with   it.      I  did  e<plain 
but  other  teachers  might  have  had  a  hard  time. 

Fluid:      In  this  lab,   you  should  give  practice  problems  using  weight 
density  and  height.     Stress  the  units  for  pressure  and  how 
these  cancel   'lo  get  foot-pounds.     You  need  to  stress  the  units. 

Electrical:     I  used  2  days  for  this  matK  and  added  problems  for 
extra   (needed)   work.     The  nath   lab  her^?  should  have  been  more  pro- 
blem solving?    rather  than  reading  the  scales  only.  (ft05) 

9.     All  were  very  good.      I  fee",    inclusion  of  more  problems  woulc  make 
this  an  even  more  valuable   learning  tool .  (**63) 

10.     The-  three  math   labr  in  this  unit  were  exceedingly  well  received. 
There  should  be  more  carry-over  from  class  to  math   lab  to 
test,   however.  (#30) 

ti.     Mechanical:     Radians  are  always  hard  to  explain.     Th?  students 
.without  good  math  backgrounds  hatf  trouble  with  this. 

^lectrt^al:     It's  hard  to  show  where  an  application  of  parts  of  this 
Jab  apply.     For  in.3tance,   joules  and  coulombSp  where  do  you  use 
^^^^     .hese  ralculat  icr.s  in  industry  or-  where  would  a  tech  lician  use  these 
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units? 

12.  There  is  not  enough  to  them.     First  of  all,    they  require  too 
much  preliminary  reading  by  the  kids  which  they  do  not  do. 
Second,   the  math   itself   is  too  "single  concept."     We  need 

math  application  problems  and  make  them  at  least  40  minutes.  (tt37) 

13.  The  concepts  are  okay,   but  the  labs  need  to  be   longer.  (M36) 

14.  Mechanical:     Students  still  do  not  understand  radians. 

Electrical:     Why  wasn't  this   lab  done  before  we  ever  saw  a  meter? 
(*»08) 

15.  Math  labs  seem  to  be  hard  for  our  students  but  1  think  these  types 
of  math   labs  will  and  are  helping  the  studentSy   net  only   in  our 
class  but  in  some  of   the  other  classes  in  high  school.  (ttZi) 

16-     Meed  mere  student  work.  (ttiO) 
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C0MHEMT3  FOR  LAB   1  CLASSES 

Mechanical!     Spring  scales  are  not  accurate  force  measuring  devices. 
Another  wei^nt  hanger  would  work  better.  (**07) 

Mechanical:     E.<per irfients  v^ere  not  very  well  defined  and  the  teacher's 
':ia-i«.*al  should  have  an  e,^a:»iple  worke:!  wut.     Students  reversed  the  scale 
and  all   readings  carne  cut  over   iCO%  -  v^jith  all   experiments  coming  out 
the  sar.e.      I   had   trouble  convincing  therr.  of   the  difference. 

Fluid!     Had   trouble  with  water   in   the  classroom.     Another  system 
cculd  be  used.     Students  seem  to  believe  water   in  a  classroom   is  for 
pla/.     Math   in  experiments  /<as  worth  doi  ig. 

Electrical:     Was   too  ba=ic   in   information  -  had   trouble  with  motor 
net  steeping  for  measurements.     ^!ctar'3   .nertia  kept  going  after 
switch  ccened.  \\^iZ) 

^■ec^=>r leal :   muddled  directions.      Nc  clear  picture  of  actual   set-  . 
up . 

^luii:   ballccn  dcesn't  wcrk   that   well.        *t42  5 
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classes  LI  and  L2   I   thmU   if   we  can  clemcnstrate   the   lab  in 
videos  ber:}re  they  start  doin^   it,    they  will   take  more  advantage 
of  it. 

5 .  £1  .=.c  t  r  1  c  e  1 :    t  r*  r  pulley  for   the  meter     :  d  net  have  a  d  :r  e  p  e  n  c*j.g  h 
V  the*^efcre  the  cord  ser. t  wo 1:1  oni/  wrap  a  few  times  then  the 
cullev  was   loaded   and   the  rope  **ia-;ld  slip   to   the  sha-rt.  \iT33) 

6.  ^•ech  =  nical:  ?c::d. 

*=^luid:   ^iston  eiiper  ir/.en  t   is  difficult  but  oossible.     Problems  are: 
1)   blrwing  balloon  v^p   to  correct  size;    2)    fir  ding  a  d:»c   to  fi.il 
a  we5.!.er  size  close  enough. 

Eieztrical:    e-csllent.  (^17) 

7.  Fluid:      In   this   lab,    we  had  a  heck  of  a  time  mar.agi   g  the  balloon. 
It   -las  not  fully  explained  i.hether   the  balloon  wcH  supposed  to  be 
tiel  cr  not. 

Electrical  :     We  had  to   i  r.^p  r  o  %  i  =  e  o  /:   t  !■'.  e  meter   part    C   e  d  i  d  n  c  t 
^9v;e  a  motor  to  use).     So   I  made  ^.p  ar.other   lab  to  see  the 
effects  of  electrical   worU,  (^CT) 

Mechanical:     Front  system  w  s  2  different  blcck  and   tackle  set- 

Fluid:     Why  use  0.7S54  fcr  area  when  calculators  have  pi?  ,  On 
pa?e  72;   nice   idea  but  net  enough  movement    .o  show  concept.  (ttCo) 

9.     Mec'ienicai:     Mot  enough  to  do.     Meed  mer  •  p-.lley  set-ups  or  dif- 
^      fer?nt  weights. 
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Fluid:     Need  more  trials.     Apparatus  works  oUayj   but  something  a 
little  less  physics  like  would  be  nice. 

Electrical:     Worked  we?l.     Efficiency  cornes  out  very   low.  Students 
en j  oyed  1 ab • 

10.  Fluid:      I  do  net  believe  this  ejcperiment  v-^ill   work  with  the  weishts 
given  and  the  ballccns  supplied.     We  had  to  add  a  lot  more  wexght 
to  get  any  results.     Many  students  have  to  be  reminded  to  convert 
crn  and  mm  to  meters  to  work   the  results  of   the  e.<per  i  rnent .  (**i5) 

11.  Electrical:     Set-up  trouble,    due  to  unusual   power  supply  requirement. 
12v  EC  and   10  Amps?  {^Z2) 

12.  Flji-^:     Several  different  sizes  of  beaker -bal  loon  combinations 
shGv.  I'l  be  used. 

Electrical:     ^^epe  t  i  t  i  ens  of  demos.     Wh/  go   into  efficiency?  \^27) 

iZ  M     All    l5bs  ere  very  gccd.     The  p reel em   in  the  regular  high  school  is 
that  tire  betvieen  classes   is  a  problem   in  settins  up   labs.  (n33) 

14.  Wechen i cal :   Standard  pulley   lab.     Flease  note  amount  of  string  to 
use  -^cr  teachers*   use   in  setting-up   lab  in  future  editions. 

PIv.id:     PistDn   l^b  vjorUed  fairly  well  after  ballcon  was  properly 
irflet?d«     Scn'se  teams  used  up   to  3  balloons. 

Elect-'ical:     E.-cellent   lab!     Scrr.e   ir:.prcvemer, t  should  be  made  in  the 
tepch'i-"   irstrvct ions:    1)    specify  the  weight   to  be  raised;   2)  tape 
elctted  vjeight  to  weight  hangers  to  prevent   '^flyavjay  masses;'*  Z)  spe- 
cify e  v.ethod  of   attaching   line  to  motor  shaft  and  keeping  assembly 
stre  ight .      ( r^^O; 

15,  Mechanical:     T-"t:3   lab  needs  more  activity.     What  we  had  was  good  - 
i-.e  just  need  more  of   it.     The  equipment  we  had   left  a   little  to 

be  desired  and  consequently,    the  job  did  not  go  as  smoothly  as 
we  anticipated. 

Fluid:     The  equipment  was  troublesome.     Three  beakers  were 
brtJken  due  to  poor  design  of   the  equipment*      This  was  another 
e:coerinent  th  =  t  resulted   in  disappointment.     Perhaps  something 
ether  than  the  piston  and  bsllcon  should  be  devised. 

Electrical:     We  did  not  ha,?  the  proper  ammeter  for  this  lab. 
Fortunately  we  have  an  ammrreter   in  the  pov-^er  supply.  It 
took  a  number  of   trial   runs  before  satisfactory  results  wert. 
maintained.  (^^36) 


16.     Flui!:      It  would  be  better  to  use  a  differenc   lab   than  the  one 
used   i  i  the  teacher  demonstration.     We  went  throu5h  and  studied 
the  fi  ures  during  the  C2  section  and  as  a  result  the  class 
wasn't  as  motivated  as  in  ti-.e  ether   labs.  Ct*60) 


17.     MecKantcal:     I  found  the  ma.-^agement  of  this   lab  a  problem.  We 
O      could  f  at  achieve  the  desired  result.-.     The  kids  were  confused. 
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p^^sding  the  spring  balance  appears  a»^reliable  to  me  because  it's 
v/ery  hard  to  pull  with  constant  force.     Fulling  on  the 
spring  balance  seems  to  be  the  source  of  error.     The  pulleys 
should  have  worked  better.      These  kids  find  oulleys,   cord  and 
spring  balance  oUay,   but  I  know  they'd  have  liked  a  second^ 
part  to  this   lab  that  was  fun  and  exciting.      The   lao  aoesn't 
capture  their       th».%s  i  asm  to  start  with  and  then  t:-ie  attitude 
is  jc'st   let's  hurry  up  and  get   this  thing  done,   and   they  didn't 
t?ke  the  proper  measurements,   because  the  calculations  are  not 
interesting  to  them.     Vou  see  all   they   think   the/  are  doing  is 
teking  measurements  so  they  can  calculate.     Well,  calculating 
isn't  fun,   sc  the  lab  needs  more. 

Flvi't:      I   lil'.ed   the   lab  and   the  kids  did.     Here  are  a  couple  of 
fhir-"3S  we  need  to  dc  tc  fine  tune   this.     First,   v^e  must  make 
s>.  re'-'ie  ^^5e   a  zr^ntair.er  that   is  an  accurate  volur/.etric  ».ieas^.  e. 
Vou  sey  fill   with   3  gallcns,   well   did  ^  cu  ever  wander  ho^t  v.*e 
vje-^e   pcjin?  tc  -.eas.'.re  the  3  gallons?      :'cu  should  jvave.  3econa, 
the  f  lu:  d'czr.ver3icn  cf   gallons  .to  feet  cubed  Sf'.culc  definitely 
be  t^'ped   into  the  =tudent  e.xper  i.v.en  t .      Third,    ihis  rnay  not  o^.- 
i-'ipcrt^rt,    hcvcever  --ih/  ar^  we  using  a  meter  .iith  bare  tips  ci. 
^i-e  ends?     It  woul:!  appear   to  me  that  even  thougn  v^e  are  not 
usi'-.g  a  Int  cf  vcltage  that  this  shcjild  be  a  no  no  especial  1. 
since  this    1 3b  brings  with    it   spilled  .-.ater   cften.      o«.feuy  i 
-a--t  of  w^.at  we  sho^..ld  be  teaching  in  F/ 


£l^c^.^\c3>ll     T:.-i=   lab  .'les  e..actly   like   t:^e  de.v.w.      I  cxiso  wo^>id 
III?  to  svgr^=t   that  ^  cu   mcljice  for  the  teachers  a  di5Ca.,  =  i^n 
th?.t    '-U  r.ig^'t  h  =  v=  tc  £cjv.  =  t   the  voltage  being  usea   it\  crde* 
i.-.  th«:-  -iesir:-'!  results.     Flease  give  t't.e  t i-aci'.ej- ;i.;i-5 

?-;d't:ps  rr    hziv.   t::   achieve   tha  results   /.a  want.     v;e  .jeeu 
t't^n  brdl:.  .      T'^e  .v.otor  vie  have   is  a  high  speed  moco.-.  Thac'=> 
vi^-  =  t    -ie  were  s  =  nt.  (t737) 

IS.     H:':?ctr  ic^rl  :     U'e  hi.d  prccleros  setting  up   the  meteris   .r.to  t:..i-  cir- 
cuit  es  shewn.     v.-e   ^ndsd  up  using  the  readings  taUen  frcm  the 
power  supply  r.'.et-r-rs.  (^11) 

I?.     Mec'-'-ar.  ical :      Apprcpriati*  far  students  -  students  did    ^.c  i  ^naer*  stand 
pulley  syste^ns.     Students  not  understand i ;ig  pulleys  cio^ld  not  as- 
senible  pulley  systems.     Assemble  pulley  systems  and  ,  ot£.te  students 
through  systems . 

Fluid:     Experiment  shewed   s.ch  a  small   amount  cr  mcvei.ien.-   .L  ^crry 
difficult  tc  '.^-'asure.     St.ients  cannot  f-ead  rule.     Use  an  air  pump 
with  outlet  closed  c^f   and  measure  weight  appl\e:i   to   It  and  mcvemenc. 

pi^ctrical:  lab  set-up  was  tea  complicated  iof  stulents  and  teacher^p 
without  electrizal  bac'»;grcund .  \'J403) 

20.     Mechanical:     T^rachars  unfamiliar  with  single  pulley  Systems  and 

light  weights  reed  to  b?  warned  that   they  are  r*o.*k.  *g  so  close  to 
100%  efficierc-  that  ui  Less  student?;  are  e;(tremei^    Ac:;urat&  they 
will  come  up  with   100%  ^  efficiency. 

r-T^?^"  Flvld:     Using  the  glass  beaker  as  a  cy'   nder  is  a  mistake.     l-e  ..eec 
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a  clear  pls.stic  cylinder*     We  rr.ay  need  to  rethink   the  entire   lab,  (tt33) 

21.     Wr  are  still   having  .a  hard  time  finding  and  setting  any  equipment  -for 

O'lr  lab.     Hovjever,   the  equipment  has  been  ordered  -for  2  labs  which  we 

are  really  e;^cited  about  and  will   be  making  good  use  of  2nd  semester. 

We  have  acne  fairly  well  using  what  we  have  plas  rr.aUirig  a  large  mount 
af  overheads,   charts  and  worksheets.  (f*Zi) 


22.     We  have  not  received  any  lab  equipment  as  oi   new.  (*4iO) 
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^  COMMENTS  FOR  LAB  2  CLASS 

1.  Mechanical:     Equipment  concept   <s  very  poor.     The  equipment  was  pro- 
vided through  Sargent-Welch,  («07) 

2.  Mechanical:     Kit  bought  from  Sargent -Wei ch  was  very  difficult  to 
operate.     Fishing  reel  will  not  release  for  getting  a  true  reading, 

Eletrical:     Solenoid  a  fair  experirjent  but  plunger  moved  too  fast  for 
accurate  reading.     Voltage  and  current  were  hard  to  read  on  meter. 
Most  just  guessed,  (tti3) 

3.  Mechanical:   Problems  with  vsinch  slipping  and  math  values  don't  come 
out  right.     Difficult  far  students  to  understand,     Setting  up  lab 
is  a  total  challenge.  CH17) 

4.  Fluid!   Ran   into  a  problem.     We  had  to  find  HP  of  motor  that  was 
sent  -  tabled   information  and  completed   later.  (^f3C) 

5.  Mechanical:     h^uddled  directions.     Set-up  not  clearly  understooa. 
Fl'j.id:     When  teach  care  ar^d  use  of  power  supply? 

Electrical:     Dcrj't  rnalce  this       "di?^cavery  type"    lab.     Slower  stu- 
dents need  more  direction.  {t^42) 

n 

6^.     Mechanical:     Wheel   and  axle   (modified   lever)   can  be  used  to  replace 
reel    (cuts  down  cost  and  ti:ne  for  modification). 

Flu',d:     This   is  a  repetitior:  cf   the  demonstration  -  change  one  or 
the  other.     W«>ter  spilla^^   is  a  problem. 

El^c%:.-:cal :     The   linear  r.nvement  of   che  plunger  automatically  gives 
thj  sca^e  reading*     5/3"  motion  can  give  only  1   reading  3n  the 
linear  s.'aie  c-?   the  sprirg  scale.     Changes  in  the  reading  are  too 
fast  to  detect.     Variable  pc         supply  negates  the  need  for  a 
rhecstate   (bare  wire  da.ire^r  reduced).     What   is  stopwatch  for?  Con- 
clusi.^n   1   -  poor.     Students  not  expected   to  know  integral  calculus. 
(**27) 


7.     Elecrical:     Solenoid  hard  to  find,    washing  machine  solenoid  didn't 
work  at   12V,  (H32) 

3,     Electrical:     Except  for  th%   questions   -his  is  a  rather  fruitless 
experiment.  (ttl8) 

9,     Mechanical:     Wf  rked  fine.     Tou7,h  building  apparatus.     Observed  by 

12  people  from  PA  State  Depart:. ent  of  Education,    th»^y  thought 
^      lab  was  too   long  with  the  theory. 

^      Fluid:     Did  as  a  demo.     Tco  much  mess  for  a  group   lab.     Eff  icier.cy 
of  pump  and  motor  very  low. 

10.     Mechanical:     Replaced  with  iheel  and  axle. 

Q   Fluid:     Not  enough   time  to   introduce  H.P.^a/iJ  do  lab  properly. 
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Electrical:     Spring  balance  measures  how  far  solenoid  pulls, 
not  how  hard. 

11.  Mechanical:     In  2M2,    the  explanations  for  the  set-ups,    that  was 
provided  for  the  teacher's  preparation  of   the  lab,   was  not 
detailed  enough.      In  other  words,   you  need  to  give  teachers 
better  explanations  on  how  to  set-up   the   labs,   especially  since 
many  of  us  are  improvising  where  equipment   is  concerned.  (tt05) 

12.  Mechanical:     Kids  found   it  difficult   to  decipher  set-up  diagram, 
Ne:;t  time,    I  will   set  up  one   lab  station  as  a  reference.     By  the 
time  students  completed  set  up,   string  kept  pulling  out  of  disk 
on  fishing  reel.     Mot  an  effective   investigation,   although  the 
idea  itself  was  good  and   it  made  a  gocd  demo. 

Fluid:     Leave  pump  on   table  ne:";t   to  power  supply.     Use  two  long 
hose  connections   to  mave  •'♦ater  .      The  efficiency   lost  by  the 
inc»^eased  pull  over  the   Icrsger  distance   is  outweighed  by  the 
safety  gaired  by  Ueepirsg  the  electrical   connection  at   the  pump 
awav  fr^rn  the  water.     Ore  of   the  wettest  and  noisiest  of   labs  I 
have  ever  er.crun tered ,   but  very  cast-effective. 

Elrctrical:      Include   lab  objectives  on  Data  Sheet  after  the  3  con- 
clusions.    Request  supplies  to   indue   "lead  shot'*  for  the  inside  of 
scienoid  shaft.  C*I30) 

13.  Mechanical:     This  one  was  valueless   to  me.      The  winch  apparatus 
sent  by  5argen t-Welch  made  by   lab  spec  doesn't  work.      Vou  try 
it.     Also,   we  the  teachers  shouldn't   have  to  figure  out  and 
mcri:ey  with  the  equipment  to  get   the   labs  to  work.  Please 
send  specific   instructions  on  operation  of  all   these  pieces 

of  equipr.ent. 

Fluid:      In  the  duration  of   the  piston  cylinder  balloon   lab,  Carolina 
Sylvestri   almost  totally  released  all  of   h^-r   Italian  err.otion  -  I 
cculdn't  believe   it  and   I  still   don't.     Wojild  you  please  do  me 
a  favor  and  secure  for  yourselves    (ill  1  of  you)   a  pisto.i  set-up  from 
Sr-.rgent-Welch.      I  will   not  dignify   :his  set-up  by  commenting  on  it. 
If  I  do  ny  blood  will  begin   to  boil   again  and   I'm  gonna  get  angry 
all  over  again. 

riectrical:     A  great   lab.   Did  you  think  you'd  never  hear  that  from 
me?     The  fact  that   it  was  a  discovery   lab  was  worderful.  Please 
make   like  this  with  added  suggestions  of   additioral   things  to  do 
♦to  enhance  the  discovery  aspect.  (#37) 

14.  Mechanical:     Poor  design   3f  equipment  alnost  caused  this   lab  to 
fail.     The  pulley  was  too   long  and  the  filament   line  proved  to 
be  awkward  to  work  with.     The  pulley  also  had  to  be  counter- 
bored  before  it  could  be  used.     Equipment  continues  to  be  a 

f rustrat  ion . 

Fluid:     This  experiment  went  rather  well  but  the  lab  needed  more 
activity.     There  was  not  eno*..3h  for  50  minutes.     Some  adoption 
filled  up  the  lab.     Students   ^et  bored  very  fast  then  mischief 
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starts.     We  need  activity. 

Electrical:     This  lab  went  along  pretty  well.     Results  were 
as  expected  but  again  adaptations  and  supplementary  activity 
was  added  to  -fill   in  the  time*     The  students  liked  this  lab, 
but   it's  a  shame  there  wasn't  more.  il^36* 

15.     The  idea  o-f  using  a  -fishing  reel   -for  a  winch   is  very  good.  However 
the  pulley  that  was  built  -for  the  reel  was  unsatisfactory.      I  had 
to  turn  one  out  o-f  hardwood,   drill  and  counterbore  it  so  that  the 
reel  handle  attaching  screvj  would  work.     Then  no  problem. 

Fluid:  Good  lab.  I  put  brass  fittings  on  some  of  the  bucket  bottoms 
so  that  they  can  be  easily  hooked   into  the  pump  systems.  (ttSc) 
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COMMENTS  FOR  SUMMARY  CLASS 


1.  Summary  was  fair.     Had  to  do  a  lot  of  ad   libbing  to  fill   in  on 
•  tape.     Overall  was  very  useful.  <#13) 

2.  The  terms  v^ere  very  beneficial.  (tt33) 

3.  Went  well.     Test  results  disappointing  but  opportunity  presented 
to  rei  nf orce  course  obj  ect  i ves  and   importance.  (^30) 

4.  I  f^el  a  culminating  exercise  should  be  given.     This  exercise 
should   include  a  written  and  practical  exercise.     Through  this 

I  feel   the  student  will  see  the  big  picture  or  as  educators  say 
"experience  the  aha  syndrome."  CH63) 

5.  We  have  j».ist  received  our  :.icney.     Equipr.ient   is  presently  being  orderec, 
iniO) 


PRINCIPLES  OF  TECHNOLOGY  Staff  and  Consortium  Members 
Jim  She^ 

Units  2:  WORK  and  Unit  3:  RATE  Pilot  Test  Findings  May  7,  1985 


Enclosed  are  copies  of  Unit  2:  WORK  and  Unit  3:  RATE  Pilot  Test 
Findings.    The  Unit  4  report  should  be  rea^'y  by  the  first  part  of  June. 
Preliminary  data  for  Uhits  5  and  6  will  be  discussed  at  the  meeting  in 
Dallas. 


If  you  have  any  questions,  feel  free  to  contact  Bill  Johnston  at  AIT. 
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Introduction 


P/Un(llpZz6  0^  TzchnoZogy  is  an  applied  science  course  for  high  school 
vocational  students  that  is  being  developed  collaboratively  by  the  Agency 
for  Instructional  Technology  (AIT) ,  the  Center  for  Occupational  Research 
and  Development    (CORD) ,  and  a  consortium  of  34  state  and  provincial  ed- 
ucation agencies  {sef^  Appendix  A  for  a  list  of  cooperating  agencies) .  The 
course  consists  oT  M  units,  each  focusing  on  a  principle  that  underlies 
today* s  technology.    Each  unit  consists  of  a  student  manual,  a  teacher* s 
guide,  hands-on  laboratories,  and  video  programs.    The  prospectus  for 
the  project  was  issued  in  June  of  1983;  the  initial  development  work 
began  in  November  of  1983. 

An  important  part  of  the  developmental  process  is  a  pilot  test  of 
each  unit  in  actual  classroom  settings.    The  primary  purposes  of  the 
pilot  test  are:    1)  to  determine  how  well  the  materials  are  working, 
and  2)  to  identify  specific  problems  with  the  materials.    Each  consor- 


tium agency  has  designated  two  sites  in  its  state  or  province  as  pilot 
test  sites.    All  pilot  test  teachers  were  oriented  to    he  PAlnclpZo^ 
OjJ  TzahnoZogy  course  and  to  the  pilot  ^jst  procedures  at  one  of  two 
meetings  held  in  Dallas  the  summer  of  1984. 

This  report  details  the  findings  of  the  pilot  test  on  Unit  3:  RATE. 
The  report  makes  some  comparisons  of  these  findings  with  those  for  Units 
1  and  2,  which  are  contained  in  separate  reports  (see  "Unit  1:    FORCE  - 
Pilot  Test  Findings,"  December  18,  1984  and  "Unit  2:  WORK  -  Pilot  Test 
Findings,"  March  1,  1985). 
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Pilot  Test  Procedures 

u 

Unit  3  pilot  test  materials  were  mailed  to  the  teachers  in  mid- 
October,  1984.    These  materials  consisted  of: 

1)  Pre/posttests  (see  Appendix  B) . 

2)  Computerized  scoring  sheets  for  the  pre/posttests. 

3)  Student  attitude  questionnaires  (see  Appendix  D) . 

4)  Teacher  questionnaires  (see  Appendix  E) . 

Teachers  administered  the  pretest  before  any  teaching.    As  they  taught 
the  unit,  teachers  recorded  their  reactions  to  the  lonit  on  a  detailed 
quest ionnai re o    At  the  conclusion  of  the  unit,  teachers  administered  the 
same  test  as  a  posttest  and  the  student  attitude  questionnaires.  All 
Unit  3  evaluation  materials  were  then  mailed  back  to  AIT.    Data  con- 
tained in  this  report  include  all  material  received  by  February,  1985. 
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Two  major  limiting  factors  must  be  considered  when  the  findings 


are  interpreted:    research  design  and  external  variables  beyond  the 
project's  control. 
Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  considered,  including: 

*  Lack  of  matched  control  groups. 

The  design  allows  one  to  draw  conclusions  only  about  the  P^ncipZo^ 
0^  TzcSiYioZogy  course,  but  not  to  compare  these  results  to  other 
comparable  teaching  methods.    The  costs  in  terms  of  time,  resources, 
and  further  administrative  impositions  on  the  pilot  test  schools 
prohibited  the  establishment  of  matched  control  groups.    It's  also 
difficult  to  match  P^ncLplu  0^  TZdknoZogiJ    to  other  courses.  Would 
they  be  physics  courses  or  vocational  courses?    Thus,  in  addition 
to  the  fiscal  and  administrative  constraints,  the  matching  process 
itself  would  be  problematic. 

*  The  pretest/posttest  format. 

The  same  test  was  used  for  both  the  pre  and  posttest.    The  effect  that 
memory  of  the  pretest  might  have  on  posttest  performaiice  was  another 
concern.    The  research  design  addressed  this  concern  in  three  ways: 

1)  Students  were  not  given  the  correct  ansv/ers  to  the  pretest. 
The  effect  of  memory  was  limited,  immediately,  to  the  nature 
of  the  questions  without  accompanying  knowledge  of  the  correct 
answers. 

2)  The  posttest  was  administered  more  than  one  month  after  the 
pretest.  In  the  intervening  time  students  had  many  experi- 
ences, both  academic  and  personal,  that  would  mitigate  the 
effects  of  memory. 

3)  A  correlated  t-test  was  used  to  analyze  the  pre/posttest  data* 
This  technique  helps  to  partial  out  any  variance  that  might 
result  from  an  intruding  correlation       in  this  case  memory* 

*  The  pre/posttest  as  an  instrument  (See  section  on  development  of  the 
instrument,  page  7). 

The  test  cannot  measure  all  objectives.    Therefore  objectives  had  to 
be  samples.    Also,  the  items  do  not  always  directly  match  the  intended 
objectives.    The  test  was  a  cognitive  test.    Many  of  the  objectives, 
(particularly  the  lab  objectives)  are  psychomotor  obiectives.  One 
must  consider  each  of  these  factors  whsn  assessing  the  valdity  of 
the  instrument.    It's  important  to  remember,  however,  that  the  test 
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is  but  one  of  >everal  means  being  used  to  assess  the  unit. 
External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  re- 
sults, including: 

*  Equipment  problems. 

Several  teachers  reported  problems  in  securing  necessary  lab 
equipment. 

*  Student  characteristics* 

At  this  time  the  project  does  not  have  adequate  data  to  describe 
the  students  in  the  pilot  test,  although  there  seems  to  be  con- 
siderable variability  in  the  kinds  of  students  in  the  course. 
Attempts  have  been  made  to  collect  these  data,  which  should  be 
available  for  subsequent  units. 

*  Teaching  pattern. 

There  appears  to  be  considerable  variability  in  the  length  of 
classes  and  number  of  class  sessions.    The  project  has  made  no 
attempt  to  control  these  situations,  but  has  instead  attempted 
to  assess  the  impact  of  the  various  conditions  on  the  outcomes. 

So,  both  research  design  and  external  constraints  must  be  considered 
when  the  results  are  interpreted.    It's  important  to  remember  that  the 
overall  pilot  test  was  designed  primarily  as  a  formative  evaluation  to 
improve  the  materials,  not  as  rigidly  controlled. research.  Nonetheless, 
the  validity  of  the  various  data  collection  procedures  must  be  con- 
sidered. 
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^  Sample 

The  sample  included  397  students  in  22  sites.    Student  characteristics 

included: 
t 

*  Giade 

10-=  17%      11  =  65%    12  =  22% 

Sex 

Male  =  87%     Female  =13% 
Teacher  characteristics  included: 

*  Physics  background. 

There  was  a  wide  range  in  the  teachers'  physics  background: 
18%  reported  no  college  physics  courses;  4%  reported  1  col- 
lege physics  course;  48%  reported  2-4  college  physics  courses; 
15%  reported  5-7,  and  15%  reported  8  or  more  college  physics 
courses. 

*  Mathematics  background. 

Almost  all  teachers  (96%)  have  had  2  or  more  college  mathe- 
matics courses;  several  (30%)  have  had  5  or  more  college 
mathematics  courses. 

*  Teaching  pattern. 

About  half  (48%)  taught  P/linc^p^e^       Tzahnology  on  consecutive 
days. 

Most  (84%)  taught  sessions  that  were  60  minutes  or  shorter. 
Almost  half  (48%)  indicated  that  they  had  combined  several  classes 
into  one  session. 

*  Preparation  time. 

Over  half  (76%)  indicated  they  spent  60  minutes  or  less 
preparing  to  teach  each  unit  on  RATE. 

Thus,  even  with  fewer  sites  than  were  included  in  the  Units  1 
and  2  reports,  the  student  and  teacher  demographics  were  similar  for  Unit 
3,  except  that  fewer  teachers  taught  Unit  3  (48%)  on  consecutive  days 
than  taught  Unit  1  (68%)  or  Unit  2  (63%)  on  consecutive  days.  This 
change  may  be  the  result  of  school  schedules  around  the  holidays  or 
it  may  indicate  that  some  teachex^s  are  integrating  P/vincipiz(>  OjJ  Ttah- 

y  t  Due  to  missing  data,  the  pre/posttest  student  demographics  don't  match 

irjjj.^  student  attitude  demographics. 


noZjOgy  with  other  material.  Judgment  must  be  reserved  until  data  from 
subsequent  units  arrive. 


158 


-7- 

H  Pre/Posttest  as  an  Instrvunent 

To  understand  the  results,  one  must  first  understand  the  charac- 
teristics of  the  test  as  a  measurement  instrument,  including  the  pro- 
cess by  which  the  test  was  developed  and  what  statistical  analyses 
reveal  about  the  reliability  and  validity  of  the  instrument. 

Over  50  test  questions  were  inititated  at  CORD  by  the  content  spe- 
cialists.   In  a  collaborative  process  between  evaluators  and  content 
specialists  these  questions  were  pruned  and  revised  to  the  eventual 
30  items.    Each  item  is  tied    as  directly  as  possible    to  a  specific 
objective  from  Unit  3.    As  some  reviewers  have  pointed  out,  the  item/ 
objective  match  is  not  always  exact.    This  is  a  valid  criticism,  but 
it's  impossible  to  directly  match  items  to  objectives  because  of  the 
way  the  objectives  are  worded  ("recognize,"  "define,"  etc.).    It's  im- 
portant to  remember  that  the  instrument  is  attempting  to  measure  mani- 
festations of  learning,  and  that  approximations  of  objectives  are  of- 
ten the  best  that  cognitive  test  developers  can  do.    With  only  30 
items  (the  number  that  can  comfortably  be  tested  in  the  available 
time),  not  all  objectives  could  be  tested.    Therefore,  uojectives 
had  to  be  sampled.    Generally,  priorities  for  this  sampling  were  de- 
termined based  on  the  relative  importance  of  the  concepts.    (Appendix  B 
lists  the  objective  each  item  is  intended  to  address  above  the  item.) 

So,  is  it  a  "good"  test?    Generally,  instruments  are  judged  based 
on  reliability  (consistency,  accuracy,  dependability)  and  validity 
(roughly,  is  it  measuring  what  you  think  it's  measuring?).    The  re- 
liability (Spearman- Brown  test  of  internal  consistency)    of  this  instru- 
ment is  .82,  which  is  acceptable  by  most  standards.    Validity  is  a  Hit 
^  more  complicated  to  judge.    A  factor  analysis  of  the  instrument  indicated 

that  almost  all  items  were  related  to  discrete  factors.    This  is  ex- 
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pected,  because  each  item  is  tied  to  a  separate  objective.    Readers  are 
encouraged  to  make  Cheir  own  judgments  about  the  validity  of  the  in- 
strument.   Pertinent  questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  3  instruc- 
tion? 
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Pre/Posttest  Results 


A  variety  of  analyses  of  the  pre/posttest  have  been  conducted. 

The  reader  should  keep  in  mind  that  all  reported  numbers  are  mean 

scores  on  the  test,  which  contained  30  items.    The  findings  included: 

Mean  differences  -  The  overall  pretest  mean  was  14.9.  The  overall 
posttest  mean  was  19.4.  This  increase  was  statistically  sig- 
nificant (correlated  t-test)  at  the  .01  level. 


This  statistically  significant  learning  gain    is  consistent  with 
gains  after  Units  1  and  2.    Table  1  examines  pretest/posttest 
scores  for  the  3  units. 


Table  1 

Unit  Number  Items  Pretest  Mean  Mean  Posttest 

X  30  12.5  20.07 

2  33  13.6  17.6 

3  30  14.9  19.4 


The  project  team  has  established  criteria  for  acceptable  performance 
on  an  item.    These  criteria    included  either: 

1)  70%+  correct  on  an  item  or 

2)  doubling  of  pretest  score  on  the  posttest. 

In  examining  the  Unit  3  items  against  these  criteria  we  find: 

70%  or  doubling  of  percentage  correct  -  1,  2,  3,  4,  5,  6,  7,  9, 
10,  11,  12,  13,  16,  22,  23 

Less  than  70%  and  no  doubling  of  percentage  correct  -  8,  14,  15, 
17,  18,  19,  20,  21,  24,  25,  26,  27,  28,  29,  30 

It  will  be  helpful  to  examine  the  content  of  the  items  on  which  stu- 
dents' performance  did  not  meet  acceptability  criteria.    First,  let's 
examine  the  items  according  to  subunits. 

Mechanical  -  One  of  six  items  did  "not  meet  the  criteria. 
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Fluid  -  One  of  three  items  did  not  meet  the  criteria. 
Elec»,rical  -  Three  of  five  items  did  not  meet  the  criteria. 
Thermal  -  All  six  items  failed  to  meet  the  criteria. 

Thus,  students  performed  least  well  on  the  electrical  and  thermal 

subunit  items. 

Students  performed  poorly  on  the  same  kinds  of  items  as 
those  that  gave  them  difficulty  after  Units  1  and  2.    These  items 
included: 

1)  Selected  terms.    The  various  terms  in  the  electrical  and  ther- 
mal subunits  were  particularly  confusing  to  students. 

2)  Si/English  units. 

3)  Mathematical  items. 


/ 
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Pre/Posttest  by  Selected  Variables 

The  impact  of  several  variables  on  students'  performance  was  ex- 
amined ,  inc luding : 

1)  Student  characteristics. 

a)  sex 

b)  grade 

2)  Teaching  pattern. 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  background. 

a)  physics  background 

b)  mathematics  background 

These  variables  were  analyzed  with  an  analysis  of  covariance,  which 
controlled  for  pretest  scores.    Table  2  examines  the  results  of  this 
analysis;  all  means  reported  in  Table  2  are  for  the  posttest. 

Table  two  indicates  that  sex  and  grade  had  a  statistically  sig- 
nificant impact  on  the  posttest  scores.    Because  this  is  the  first 
unit  to  show  significant  differences  on  these  variables,  an  additional 
analysis  was  conducted.    IVhen  one  class  was  removed,  the  sex  and  grade 
variables  were  no  longer  significant,  as  they  were  not  in  the  findings 
for  Units  1  and  2.    The  class  that  was  removed  from  the  analysis  has 
more  tenth  graders  and  more  females  than  any  other  class  in  the  pilot 
test.    This  difference  accounts  for  the  variance. 

Both  teaching  pattern  and  teacher  characteristics  had  a  statis- 
tically significant  impact  on  the  student  scores.    This  too  is  con- 
sistent with  the  findings  for  the  first  two  units. 
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Table  2 


Main  Effect 
Sex 

Grade 

Teaching  on  Consecutive  Days 
Minutes  per  Class 

Combining  Sessions 
Teacher's  Physics  Background 


Teacher's  Mathematics  Background 


Significance 

Subset 

Mean  Score 

•01 

Boys  (305) 

20.00 

Girls  (56) 

17,32 

-02 

i.uLn  ^«>*^J 

•  79 

1 1  Lil    ^4^ZQ  ) 

is^yo 

12th  C7A) 

20^64 

.05 

19.24 

no  (107) 

20.19 

01 

1  O  HI 

io,o3 

20^25 

io,  24 

O  /SO 

•  01 

yes  (110) 

21,46 

iiu    ^^o  /  J 

i8^74 

•  01 

No  clas<ie<?  r^?"^ 

1  class  fSQ'i 

1 Q  /17 

ly  •  *t  / 

l-'A  classes  fl36'i 

^y  •  /  o 

5-7  classes  (53) 

16.11 

7+  classes  (67) 

20.06 

•  30 

No  classes  (0) 

1  class  (0) 

2-4  classes  (256) 

19.98 

5-7  classes  (65) 

19.88 

7+  classes  (76) 

20.24 
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Pre/Posttest  Results  by  Site 


The  attached  graph  (Appendix  C)  indicates  the  pre/posttest  results 
by  site.    Seventeen  sites  showed  statistically  significant  (.01  level) 
increases;  five  sites  showed  no  statistically  significant  gains.  Of 
the  first  three  units.  Unit  3  had  the  most  sites  (5)  with  no  statistical- 
ly significant  gains. 
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Student  Attitude  Findings 


The  student  attitude  findings  (Appendix  D)  indicated: 

-  The  majority  of  students  (62%)  liked  the  RATE  unit  cither  a  lot 
(9%)  or  a  little  (53%) •    However,  Unit  3  was  the  least  appealing 
of  the  first  three  units  (80%  indicated  they  liked  Unit  1;  76% 
indicated  they  Irked  Unit  2). 

-  The  most  appealing  components  were  the  hands-on  labs  (40%)  and  the 
video  programs  (23%).    This  fact  is  .ronsistent  with  the  findings 
for  Units  1  and  2, 

-  The  least  appealing  components  were  the  mathematics  labs  (26%)  and 
the  written  material  (25%).    Again,  these  percentage?  were  very 
consistent  with  those  for  Units  1  and  2. 

-  Over  half  said  some  (44%j  or  most  (18%)  of  the  material  was  dif- 
ficult for  them  to  understand.    The  percentage  of  students  who 
indicated  that  most  of  the  material  was  difficult  for  them  to 
understand  (lo%l  was  more  than  double  what  it  was  for  Units  1  (8%) 
and  2  (8%). 

-  Students  indicated  that  the  mathematics  labs  (31%)  and  the  written 
material  (22%)  were  the  most  difficult  components  for  them  to 
understand. 

-  Students  indicated  that  the  video  programs  (45%)  and  the  hands-  * 
on  labs  (19%)  were  the  least  difficult  for  them  to  understan^^. 

-  Most  students  (77%)  said  they  thought  the  r.aterial  in  the  RATE 
unit  was  important  for  them  to  understand:  this  was  fewer  than 
those  who  said  Unit  1  material  was  important  (88%)  and  Unit  2 
material  was  important  (87%). 

Thus,  although  the  differences  weren*t  pronounced,  student  attitudes 
tended  to  be  less  positive  toward  Unit  3  than  toward  Units  1  and  2.  Stu- 
dents tended  to  like  it  less,  find  it  more  difficult,  and  see  the  mate;-« 
rial  as  less  important  than  Units  1  and  2. 
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Teacher  Results 


Questionnaires  were  received  from  25  teachers.    Appendix  E  lists 
the  detailed  teacher  comments  and  should  be  carefully  examined.  The 
teacher  findings  included: 

*  Teacher  comfort. 

Almost  all  teachers  (92%)  indicated  they  felt  comfortable  teach- 
ing the  material  in  the  RATE  unit. 

*  Time. 

Most  (75%)  indicated  that  the  6-day  pxan  of  50-minute  class  per 
subunit  is  a  realistic  time  allotment.  Some  teachers  indicated 
some  of  the  hands-on  labs  required    more  than  50  minutes. 

*  Student  reading. 

Many  (67%)  indicated  most  of  their  students  may  not^  be  doing  the 
assigned  readings  at  home.    This  is  a  disturbing'^inding. 

*  Unit  3  compared  to  Units  1  and  2. 

The  majority  of  teachers  (68%)  indicated  that  Unit  3  was  about  the 
same  as  Units  1  and  2;  several  (24%)  thought  it  was  better  than 
the  first  two  lanits. 

*  Problems. 

To  the  question,    "IVhat,  if  anything,  caused  you  the  most  problems 
in  teaching  the  unit  on  RATE?"  twenty-three  teachers  responded. 
The  problems  reported  included: 

-  Hands-on  labs  (13  teachers) 

-  Mathematics  labs  (3  teachers) 

-  SI/English  units  (1  teacher) 

Overall,  these  findings  were  consistent  with  those  for  Units  1  and  2. 
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Conclusions 


It  is  important  to  remember  that  the  entire  pilot  test  is  designed 
as  a  formative  evaluation;  the  results  are  being  used  to  mak..  revisions 
in  the  materials.  Certainly  the  data  ,jntain  much  information  that  the 
developers  can  use  to  make  revisions.    Some  of  the  key  findings  included: 

1)  Overall,  a  statistically  significant  learning  gain  took  place. 
However,  five  classes  showed  no  statistically  significant  gains, 
which  was  the  largest  number  (so  far  in  the  pilot  test)  showing 
no  significant  gains. 

2)  Students  performed  most  poorly  on  test  it;ems  dealing  with  the 
Electrical  and  Thermal  subunits,  mathematics,  and  Si/English 
units. 

3)  Student  attitudes  were  generally  positive,  although  not  as 
positive  as  they  were  about  the  first  two  units. 

4)  Teachers  were  fairly  positive  about  t!io  unit, 

5)  Teachers*  comments  indicated  that  the  most  problems  were  en- 
countered with  the  hands-on  labs,  which  have  been  an  ongoing 
concern. 

6)  Many  specific  recommendations  for  changes  were  contained  in  the 
teachers  *  comments . 

Over  the  first  three  units,  some  consistent  patterns  have  begun  to 
emerge  in  the  data.    This  report  has  attempted  to  identify  the  trends  and 
to  point  out  variations  in  the  Unit  3  findings  from  the  patterns  that  ap- 
peared earlier. 
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Appendix  A 
List  of  Cooperating  Agencies 
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Cooperating  Agencies 
Alaska  Department  of  Education 
ACCESS  NETOORK 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 

Vocational  and  Technical  Education  Division 

Califomia  Department  of  Education 
Division  of  Vocational  Education 

Florida  Department  of  Education 

Division  of  Vocational  Education  -and  Office  of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 

Department  of  Adult,  Vocational  and  Technical  Education 

Indiana  State  Board  of  Vocational  and  Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

^  Kansas  State  Department  of  Education 

Occupational  and  I'^ostsecondary  Education  Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 

Maine  State  Department  of  Educational  and  Cultural  Services 
Bureau  of  Vocational  Education/Division  of  Program  Services 

Maryland  State  Department  of  Education 

Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Spe,  .al  Intermediate  School  District  916 

Mississippi  State  H^^^partmen:  of  Education 
Vocational-Techu-tcal  Division 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 
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North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  E^^ucation 

Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and  Technical  Education 

TVOntario 

Oregon  Department  of  Education 

Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

South  Carolina  Department  of  Education 
Office  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  of  Education 

Division  of  Adult  and  Vocational-T. chnical  Education 

Virginia  Department  of  Education 
Vocational  and  Adult  Education 

West  Virginia  State  Department  of  Education 

Bureau  of  Vocational,  Technical  and  Adult  Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  v^ocational  Education 
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Pre/Posttest  Frequencies  and  Objectives 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  III:  RATE 
STUDENT  TEST 


Pre  Post  0-1 

1.     In  the  unifying  definition  for  rate,  rate  is  the  relationship 
between 


12 
50 
35 
4 


60 
79 
57 
77 

74 
50 


22 
26 
14 
38 


7 
18 
75 


0-1 


a.  forcelike  quantity  and  distance 

b.  work  and  elapsed  time 

*c.  displacementlike  quantity  and  elapsed  time 

d.  voltage  and  charge 


In  the  left  column  a-e  rates  that  may  or  may  not  exist  in  one  of  the 
energy  systems  described  in  the  right  column.    On  your  answer  sheet 
fill  in  the  letter  of  the  energy  system  that  corresponds  to  the  num- 
bered rate. 


85  B  2. 

93  C3. 
85  A  4. 

93  D  5. 

92  E  6. 
75  A;. 

8. 


19 
16 
9 
57 


Mass  flow  (m/t) 

Current  (q/t) 

Acceleration  (v/t) 

Heat  flow  per  elapsed 
time  (  7t) 

Postal  rate  (cents/ounce) 


A.  Rate  in  mechanical  energy  systems 

B.  Rate  in  fluid  energy  systems 

C.  Rate  in  electrical  energy  systems 

D.  Rate  in  thermal  energy  systems 

E.  Is  not  a  rate  . in  an  energy  system 


67 

87 

*  a. 

6 

2 

b. 

18 

8 

c . 

10 

■4 

d. 

M-2 

10. 

Wh 

6 

2 

a . 

8 

3 

b. 

55 

80 

*c. 

31 

16 

d. 

Angular  speed  (9/t) 
0-2 

When  using  the  International  System  of  units  (SI),  mechanical 
rate  is  measured  in 

a.  newton  meters  (N^m) 

b.  newtons  per  second  (N/s) 

c.  feet  per  second  (ft/s) 
*d.  meters  per  second  (m/s) 

M-2 

Linear  speed  is 

distance  an  object  travels  along  a  line  in  a  unit  of  time 
always  expressed  in  SI  units 
must  include  magnitude  and  di recti  on 
measured  in  radians  per  second 


helicopter  blades  in  flight 

hands  moving  on  a  clock 

a  jet  airplane  accelerating  down  a  runway 

al    of  the  ibove 
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Pre  Post  M-5 

IK    Which  of  the  following  involves  an  angular  rate? 

10      4  a,  helicopter  blades  in  flight 

14      7  b,  ferris  wheel 

20      8  c,  hands  moving  on  a  clock 

55     82         *d,  all  of  the  above 
M-4 

12.    An  increase  in  linear:speed  during  an  elapsed  time  is  described 
as 


8 

3 

a . 

an  average  speed 

79 

93 

*b. 

an  acceleration 

7 

2 

c. 

a  deceleration 

6 

2 

d. 

a  new  linear  speed 

M-5 

9 

3 

a . 

59 

74 

*b. 

16 

10 

c . 

17 

13 

d. 

M-7 

13,  Angular  speed  is 

always  expressbd  in  SI  I'^its 
measured  in  radians  per  unit  of  time 

"distance  an  object  travels  along  a  line  in  a  unit  of  time 
a  vector  quantity 

14.  When  changed  to  radians  per  second,  4RPM's  is  equal  to  (Note: 
Remember  that  1  minute  =  60  seconds  and  ^TT  radians  =  360^) 

0*210  rad/sec 
0,418  rad/sec 
0,636  rad/sec 
1  .272  rad/sec 

unit  of  rate  associated  with  a  fluid  system  is 

gallons  per  minute 
ici  1  ograms  per  second 
cubic    feet  per  minute 
all  of  the  above 

16.     Volume  flow  rate  is 


15 

10 

a. 

27 

49 

*b. 

35 

26 

c . 

22 

15 

d. 

0-2 

15. 

A 

39 

40 

a. 

10 

3 

b. 

19 

5 

c . 

31 

52 

*d. 

F-1 

70     89  volume  moved  per  unit  of  time 

14      5           b,  determined  by  the  length  of  the  pipe 

9      3           c,  always  expressed  in  SI  units 

7      4           d,  alinearrate 
F-2 

17.     A  car  air  conditioner  pumps  5  kg  of  freon  gas  throigh  the  system 

in  3  minutes.    The  mass  flow  rate  of  the  freon  gas  is 

.60  kg/min 
1 .67  kg/mi n 
15  kg/min 

not  enough  information  given  to  calculate 
One  coulomb  per  cecond  is  a  um  :  of 


13 

13 

a. 

29  • 

52 

*  b. 

45 

28 

c. 

12 

7 

d. 

0-2 

18.  One 

29     26  a.  electrical  charge 

18     10  b.  electrical  voltage 

""^^  electrical  current  l^-^^ 

ER^C  ^  d.  electrical  resistance        J- •  ^ 
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An  AC  current  changes  direction  at  the  rate  of  120  times  per  second. 
Use  this  information  to  answer  questions  ly  and  20. 


Pre 

Post 

E-3 

19. 

The 

frequency  of  the  current 

19 

15 

a. 

1/120  cycles  per  second 

o 

b 

l/fiO  rvrlp^   DPT  ^prnnrl 

AA 

c 

u  . 

l?n    pvpIpq    npy  Qpponrl 

9C 
CO 

E-4 

• 

The 

perioQ  OT  une  current  is 

44 

40 

a. 

1/120  seconds 

21 

33 

*b. 

1/60  seconds 

18 

13 

c. 

120  seconds 

17 

14 

60  seconds 

E-5 

21.    When  an  ammeter  is  placed  in  a  circuit  to  measure  current  through 
a  res  is  tor,  it  is  placed  in  with  the  resistor 


49 

67 

*a. 

series 

33 

28 

b. 

parall el 

9 

2 

c. 

at  right  angles 

9 

3 

d. 

E-4 

none  of  the  above 

22.    The  term  60  Hz  is  an  electrical 


10 

6 

a . 

period 

67 

80 

*b. 

frequency 

8 

6 

c. 

'event 

15 

8 

d. 

E-1 

ampl i  tude 

23. 

Rate  in  an  electrical  system  is 

52 

69 

*a. 

how  fast  charge  flows  through 

16 

16 

b. 

electrical  current  in  coulombs 

10 

3 

c . 

only  measured  in  DC  current 

22 

14 

d. 

all  of  the  above 

24. 

Heat  flov  rate  is 

12 

7 

a. 

calories  per  second 

21 

13 

b. 

BTUs  per  .minute 

36 

15 

c . 

heat  energy  per  unit  of  time 

31 

66 

*d. 

al 1  of  the  above 

T-2 

25. 

In 

the  English  system,  heat  flow  r 

26 

16 

a . 

caLori  bs/second 

15 

5 

b. 

joules/second 

44 

66 

*c. 

BTUs/hour 

15 

14 

d. 

al 1  of  the  abo  'e 

a  conductor  in  a  unit  of  time 


rate  is  stated  in 
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Pre 

Post 

T-4 

 26. 

The 

amount  of  heat  energy  required 

of 

a  given  body  one  degree  is 

22 

14 

a. 

latent  heat 

26 

26 

*b. 

heat  capacity 

39 

43 

c. 

specific  heat 

12 

17 

d. 

sensible  heat 

T-4 

27.    How  many  units  of  heat  energy  are  required  to  raise  a  urit  mass 
a  unit  temperature  difference  defines 


29 

19 

a. 

latent  heat 

31 

28 

b. 

heat  capacity 

27 

40 

*c. 

specific  heat 

12 

13 

d. 

;ensible  heat 

T-6 

28. 

The 

heat  capacity  of  10 

26 

30 

a. 

10  cal/C° 

17 

8 

b. 

1  BTU/F° 

27 

21 

c. 

10  BTU/hr 

30 

41 

*d. 

10  BTU/F° 

T-7 

29. 

The 

calories  per  second 

of  heat  energy  flowing  through  a  window 

pane  does  not  depend  on 

thickness  of  glass 
weight  of  the  glass 
surface  area  of  the  glass 
type  of  glass 

30.    Water  at  90°C  to  steam  at  100°C  is 


sensible  heat 


12 

6 

a. 

42 

66 

*b. 

24 

8 

c. 

22 

21 

d. 

T-5 

20 

22 

a. 

latent  heat 

14 

12 

b. 

sensible  heat 

41 

51 

*c. 

both  latent  and 

24 

15 

d. 

specific  heat 
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Appendix  C 
Mean  Scores  by  Site 
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PRINCIPLES  OF  TECHNOLOGY 

UNIT  THREE  PRETEST  VS.  POSTTEST 
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A 
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Posttest  Scores 


1  '..  /  .. 


A 
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Due  to  rounding,  all  numbers  do  not  equal ^100% 

n=375  PRINCIPLES  OF  TECHNOLOGY 

UNIT  3:  RATE 
all  numbers  in  %  STUDENT  AJTITUDE  QUESTIONNAIRE 

Sex:  Female      87_  Male 

Grade:  9      12     10      65     1 1      22  12 


1.  Overall,  did  you  like  the  unit  on  RATE? 

9  yes,  a  lot  26    no,  not  very  much 

yes,  a  little  2ZI  3"'"' 

2.  What  component  did  you  like  most  in  the  RAT"  unit? 

4   the  written  material       40    the  hands  on  labs 

the  video  programs  25    no  preference 

3   the  math  labs  more  than  1=5 


3.    What  component  did  you  like  least  in  the  RATE  unit? 

25  the  written  material        5    the  hands  on  labs 
7     the  video  programs  29    no  preference 

26  the  math  labs  more  than  1=8 


4.  Overall,  was  the  material  that  was  covered  in  the  RATE  unit 
difficult  for  you  to  understand? 

18  yes,  most  of  the  material  was  difficult  for  me  to  understand 
44  yes,  some  of  the  material  was  difficult  for  me  to  understand 
58     no,  most  of  the  m^-^terial  was  not  difficult  for  me  to  understand 

5.  Which  component  of  the  RATE  unit  was  the  most  difficult  for  you  to 
unccir  stand? 

22      the  written  materia"*        5    the  har.ds  on  labs 

2     the  video  programs  52    no  component  was  particularly  dif- 

31      the  math  labs  ficult 

more  than  1=8 

6.  Which  component  of  the  R/-TE  unit  was  the  least  difficult  for  you 
to  understand?. 

_&      the  written  material       19    the  hands  on  labs 

45      the  video  programs  15    all  components  were  equally  dif-.^ 

8     the  Tiath  labs  ficult 

more  than  1=5 

7.  Do  you  think  tho  ma  erial  in  the  RATE  unit  is  imp  rtant  for  you  to 
understand? 

29    yeSg  very  important        1;;^  no,  not  very  important 
48     yes,  sort  of  important  Tl  ^  no,  not  at  all  important 

8.  Do  you  have  any  comments  about  the  RATE  unit? 


I8i 

THANK  YOU! 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  III:  RATE 
TEACHER  QUESTIONNAIRE 


!•    What  did  you  like  mast  about  the  RATE  unit? 
See  attached  comments 

2.    What  did  you  like  least  about  the  RATE  unit? 
See  attached  comments 

n=25    3*     Overall,  hov.  would  you  compare  the  RATE  unit  to  units  1  and  2? 
24    better      68    about  the  same        8  worse 
If  worse,  why?. 
See  attached  comments 


n=25.  4.     In  terms  of  their  overall  impact  (instructional  effectiveness, 
student  interest,  manageability)  rank  each  of  the  components 
of  the  RATE  unit  using  the  follow  ig  scale: 

A  =  Excel  1 ent 
B  =  Good 
C  =  So-sc 
D  =  Poor 
E .=  Terr ■ bl e 

Place  the  letter,  corresponding  to  your  ranking,  next  to  each 
component , 

A=12;B=52 

A=40;B=44;C=16  -student  handbook    c=32;r)=4    hands  on  labs 
A=52;B=44:C=4Videos  A=I2:B=60:C=28  teacher's  juide 

A=12;B=28;C=24;Q£LZ  "i^t^^  ^^^S 
E=4 

Please  explain  any  C,  D,  or  E  rankings  and/or  list  any  other  com- 
ments  you  have  about  the  components: 

See  attached  comments 


n=24    5.    Whici  of  your  students  seem  to  be  the  most  successful  in  the 
PRINCIPLES  OF  TECrlNOLOGY  course? 


65    above  average      37    average    bel  )W  average 

Er|c  iS3 


-38- 


n=24    6.    Based  on  your  experiences,  do  you  thi».    the  6-day  plan,  per 

subunit,  of  50-im'nute  class  sessions  is  realistic  for  the  sub- 
units? 

29  yes,  definitely  20_  no,  probably  not 

46_yes,  probably  _4__  no,  definitely  not 

If  no,  please  explain; 
See  attached  comments 


n=25    7.    On  average,  how  much  time  did  you  spend  preparing  to  teach 

each  class  in  the  unit  on  RATE? 

16     0-30  minutes  j6_  91-120  minutes 

56     31  -60  minutes  _4_  121.-180  minutes 

8     61  -90  minutes    181  or  more  minutes 

Comments : 

See  attached  comments 


n=25    8.    Overall,  did  you  feel  comfortable  teaching  the  materials  in  the 
unit  on  RATE? 

M_yes,  very  comfortable                _8_  no,  not  very  comfortable 
2S_yes,  sort  of  comfortable    no,  not  at  all  comfortable 

If  no,  please  specify: 
See  attached  comi.ients 


n=24    9.     Do  you  think  most  of  your  students  did  the  assigned  readings 
at  home? 

definitely    29.  probably    54.  prouably  not    i3_  definitely  not 
CommGnos: 

See  attached  comments 


10.    What,  if  anything,  caused  you  the  most  problems  in  teaching  the 
unit  on  RATE? 

See  attached  comments 
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n=23  11.    Do  you  feel  the  Teacher's  Guide  material  provided  you  with 
enough  information  to  help  you  successfully  implement  the 
unit? 

39    definitely   ^  probably    ^  probably  not         definitely  not 
If  nov  what  should  be  added  to  the  guide  to  make  it  more  useful? 
See  attached  comments 


n=25  12.    Did  you  teach  Unit  III:  RATE  on  consecutive  days  for  26  days? 
48     yes    0 

If  no,  what  pattern  did-you  use  (for  example,  3  days  a  week)? 
See  attached  comments 

n=25  13.    How  much  time  per  session  did  you  teach? 

64    50  minutes  or  less  4    61  -90  minutes 

51-60  minutes  91+  minutes 

n=23  14.     Did  you  combine  any  classes  Into  one  sesf.ion  (for  example, 
teach  classes  CT  and  C2  in  one  session)? 

48     yes     52  no 

If  yes,  which  classes  did  you  combine? 
See  attached  comments 


n=25  15.    How  many  physics  courses  did  you  take  in  college  (undergraduate 
and  graduate)? 

12      none  _4  5-7 

l^^      1  24     8  or  more 

2-4 

n=24  16.    How  many  math  courses  did  you  take  in  college  ^undergraduate 
and  graduate)? 

none  8  5-7 


ERLC 


4      1  21    8  or  more 

~  2-4 

17.    Do  you  have  any  other  comments,  concerns,  or  suggestions  for  the 
unit  on  RATE? 

See  attadied  comments 
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The  following  chart  lists  each  activity  for  the  unit  on  RATE 
down  the  left  column.    Since  there  are  no  materials  specifically  for  • 
the  sub-unit  review  classes,  these  classes  have  not  been  listed  in 
the  chart.    For  each  activity,  you  should  respond  to  the  following 
questions  by  circling  "yes"  or  "no": 

1)  Was  the  material  (readings,  labs,  or  videos)  appropriate 
for  your  students?    Was  the  material  at  the  right  grade 
level?    Was  the  amount  of  material  appropriate  for  your 
students?    For  any  no  responses ,  please  use  the  attached 
pages  to  describe  your  concerns'. 

2)  Were  you  ablc>  to  cover  the  material  to  your  sat'sfaction 

in  the  50-minute  time  period?    (Since  this  question  doesn't 
apply  to  the  video,  no  response  options  have  been  provided 
for  the  column.    Please  do  respond,  hov;ever,  to  the  other 
questions  about  the  video.)     For  any  no  responses,  please 
use  the  attached  pages  to  describe  why  you  could  not  com- 
plete the  material  and/or  what  you  chose  to  delete. 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?  For 
any  yes  responses ,  use  the  attached  pages  to  specify  the 
errors  and  recommended  corrections. 

4)  Were  there  any  problems  managing  the  activity?    For  the 
labs,  were  all  your  students  able  to  rotate  through  the 
labs?    Did  yc-J  experience  any  problems  coordinating  the 
labs?    Did  you  experience  any  problems  setting  up  or  tearing 
down  the  labs?    Did  ycu  experience  my  problems  coordinating- 
the  activity?    For  any  yes,  responses  >  use  the  attached  pages 
to  specify  the  problems  you  had  and,  if  possible,  suggest 
changes  that  you  feel  would  enable  you  to  more  easily  manage" 
the  materi al . 

5)  Do  you  have  any  suggested  modifications  for  the  /nateriaT? 
For  any  yes  responses ,  use  the  additional  pages  to  specify 
your  suggestions.     Include  in  this  section  any  "teaching 
tips"  -    special  procedures  you  used  or  means  you  discovered 
to  more  easily  convey  the  information  to  students.  Include 
in  this  section  any  comments  you  may  have  for  the  Teacher's 
Guide. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  most  importantly,  to  write  down  your  comments.     If  you  need 
more  space  for  comments,  use  the  back  of  the  comments  pages  and/or 
attach  additional  sheets. 
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Comments  for  Overview  Class 
See  attached  comments 
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Comments  for  Videos 
Overview  Video:    See  attached  comments 


Mechanical  Systems  Video:    See  attached  comments 


Fluid  Systems  Video:    See  attached  comments 


Electrical  Systems  Video:    See  attached  comments 


Thermal  Systems  Video:    See  attached  comments 


Summary  Video:    See  attached  comments 
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Comments  for  Math  Lab  Classes 
Mechanical  Systems  Math  Lab:    see  attached  comments 


Fluid  Systems  Math  Lab:    see  attached  comments 


Electrical  Systems  Math  Lab:  see  attached  comments 


Thermal  Systems  Math  Lab:    see  attached  comments 
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Comments  for  Lab  1  Classe 
Mechanical  Systems  Lab  1:    See  attached  conunents 


Fluid  Systems  Lab  1:    See  attached  comments 


Electrical  Systems  Lab  1:   See  attached  comments 


Thermal  Systems  Lab  1  :    See  attached  comments 
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Comments  for  Lab  2  Classes 
Mechanical  Systems  Lab  2:    See  attached  comments 


Fluid  Systems  Lab  2:  See  attached  comments 


Electrical  Systems  Lab  2:    See  attached  comments 


Thermal  Systems  Lab  2:   See  attached  comments 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT   III:  RATE 
TEACHER  QUESTIONNAIRE 

QUESTION   1  CONMENTS 

What  did  you   like  most  about   the  RATE  unit? 

1.  Video  and  xath   labs.  iUiZ) 

2.  Vidoos  and   labs.  (tt33) 

3.  Videos  were  Ticst    interesting  a.-id  had  as  mach  cor»tent  as  print  material. 
Print  material   direct   a?'. d   to   t!'. e  poif'it«  (1^30) 

4.  Fluid   l9bs.  rHo2) 

5*      Electrici»:y  portion  on  oscilloscopes.  ;»10) 

6.  Formulas    in  content   area.  CSOS) 

7.  The   labs  all   went  i-ell.  (^432) 

9.      PATE   in  Electrical   s/stem  vjas  .r.ost   interesting,   both   in  theory 
a^id    laboratory.  (1*45) 

Intro  of  equipment,    strobe  and  oscilloscope.  (1*06) 

10.  I   li^'ed   the  examples  used.      Because  NASA   is  part  of  our  community 

I  feel   the  students  understood   the  examples  given  much  better.  (1*63) 

11.  Te^t  :raterial.  (**07) 

12.  Easier  to  track   then  prev/ious  units.  (1*55) 

13.  "Measuring   liquid   flow  rate   in  a  channel."  (1*17) 

14.  Had  better   labs  and  more  even  flow.  (t*25) 

15.  The  videos  were  well  djne.     Strobe   lab  was   interesting  and  well  received. 
(t*56) 

to.     The  kids  seem  more  interested   in  this  unit.  (tt37) 

17.     The   labs.     On  the  whole  they  were  a  success.     We  need  more.  (1*36) 
IS.     Lab  exerc i ses--they  were  very  good.  (I*5S) 

19.  The  unit  was  well  put  together--it   tied  all   syster.;s  together   in  a  good 
way.  (*»60) 

20.  Getting  a  chance   to  get  my  hands  on  an  oscilloscope.  (t*03) 

21.  Students  understood   the   idea  of  velocity  and  enjoy  calculating  problems 
concerning  speed  of  automobiles.  (1*40) 
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22.  Easy  to  teach.     Allowed  great  flexability  for  lab  variations.  i»55) 

23.  The  unit  was  just  really  good,    labs  were  great.  (ttoS) 
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QUESTION  2  COMMENTS 


What  did  you  like  least  about  the  RATE  unit? 

1.  Written  material.  (ItlS) 

2.  The  fluid   labs  were  extremely  difficult,  (♦♦oS) 

3.  Labs  were  very  time-consuming   to  set-up  and  conduct.  (ttoO) 

4.  Thermal    labs.  (tt62) 

5.  Thermal.  (ttlO) 

6.  Not  enough  problems  relating  to  the  many  formulas  given.  (tt05) 

7.  The  teacher  notes,   not  enough   info  on  some.  (tt32) 

8.  Experiment  of  measuring  gas  flow  rate  with  orifice.  (tt45) 

9.  Vague  directions  and  drawings   for   lab  set-ups.  (tt42) 

10.  Velocity-acceleration   lab  could  be  much  better.      Pneumatic  labs 
remain  difficult   to  set  up.  (tt06) 

11.  There  weren't  any  ylaring  short  comings.  (#63) 

12.  Labs  that  didn't  work  as  described.  (tt07) 

13.  3T1,   we  couldn't  get  system  to  stabilize.  (ttl7) 

-14.  Seemingly  unrelated  math   labs  and   lack  of  use  of   true  scientific  notation. 
<»18) 

15.  Electrical.  (tt25) 

16.  Lab  3M1,    3F2,    3T1.  (#56) 

17.  It  continued  a  lot  of  concepts  that   these  students  were  unfamiliar 
with.     So  many  different  units,   etc.  (#37) 

18.  Math   labs.     The  symbols  were  hard  for  the  students  to  grasp.  (ttSB) 

19.  I  need  more  time  to  get   the   labs  done  ahead  of   time.  (#60) 

20.  The   lack  of   information  xn  the  unit  on  the  use  of  an  oscilloscope.  (ttOB) 

21.  Electrical   RATE  labs  were  weak.  (#55) 

22.  We  need  to  move  the  power  of   10  out  of  math   labs  and  practice  thermal 


prob lems. 


(#38) 
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22.  Easy  to  teach.  Allowed  great  flexability  for  lab  variations.  (tt55) 
•23.     The  unit  was  just  really  good,    labs  were  great.  (ttoSJ 
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QUESTION  4  COMMENTS 

In  terms  of  their  overall    impact    (instructional   effectiveness,    student  in- 
terest,  manageability)   rank  each  of   the  components  of   the  RATE  unit  us:ng 
the  following  scale: 

A  ^  Er<cellent 

B  =  Good 

C  »  So-so 

D  =  Poor 

E  s  Terrible 

Place  the  letter,   corresponding  to  /our  ranking,    next  to  each  component. 
Please  explain  any  C,   D,   or  E  rankings,   and/or   list  any  other  ccmments 
you  have  about   the  components. 

1.  Student  handbooK  and  hands  on   lab  seem  to  be  going   into  a  physics  lab. 
Slnould  be  more  to  the  real  world.  (1*13) 

2.  The  labs  In  the  Fluid  unit  were  very  difficult  for  me.  (tt33) 

3.  As  an  example,    the  two  Fluid  RAT£   labs  required  me  to  mop  an  entxre 
floor  after  the  students   left.     3F2  required  90  minutes  for  the  best 
students  to  complete  and  4  hours  far  me  to  asse\  '  le.     Could  be  the 
time  of  year  as  well.     Kids  didn't  seem  to  react  as  well   to  this  unit. 
We  may  be  deeply  into  the  plugging  along  phase  now. "  (tt30) 

4.  Video-errors.  Comparison  of  high  juMper  with  k«joman  on  steps  not  the 
same  rise  nor  weight,  yet  video  implies  equality.  The  "comedy"  por- 
tions should  be  dropped.  i^iO) 

5.  3M1   is  too  difficult   to  buy  and  store.     A  3  speed  drill  press  would 
h-Ave  worked  just  as  well.     Student   handt^ook  seems   to  be  too  difficult 
for  students  to  understand. 

6.  Teacher  guide  not  enough  detail.  (1*32) 

7.  I   think  experimental   value  of   this  unit  was  excellent.  Increase 
i  n  quant  i  ty  of   the  exper  imen ts   in  Electrical   suban  it    (scope )  is 
great.  (»45) 

3.     Vague  directions,    inaccuracies.  (^42) 

9.     Math   labs' need  more  for  students  to  do.  Some  hands-on   lab  equip- 
ment  impossible.     We  substitute  for  most  (inadequate  funding  for 
up  front  purchase).  (H06) 

10.  Part  of  the  teacher's  guide  was   incomplete,    several   answer  sheets 
;Mere  omitted.  (H63) 

11.  Lab  equipment  did  not  v-jork  as   it  should.  (tt07) 

12.  9cn*.e  math   labs  do  not  pertain  to  text  or   labs.     Some   labs  aid  not  work 
the  way  they  were  supposed  to   (3F2  and  3Ti).  (ttiS) 

13.  I  felt  some   labs,   especiaHy   in  the  Fluid  and  Thermal   subunits  amounted 
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QUESTION  3  COMMENTS 

Overall,   how  would  you  compare  the  RATE  unit  to  units  i  and  2?     I-f  worse, 
why? 

1,  Probably  the  most  challenging  thus  -far.     Took  more  preparation.  («33) 

2,  Text  material   easier,   some   lab  material  much  more  di-f-fxcult.  (**30) 

3,  Many  students  -found   it  harder  and   the   labs  were  more  di-f-ficult  to 
explain  and  set  up,  (MOS) 

4,  Bad,    -faulty  or  non-existent  equipment.     Vague  directions,  A 
little  too  sophisticated  -for  my  students.  (#42) 

5,  The  students  are  getting  the  -feel   o-f   the  sequence.  (tt06) 

6,  About   the  same  as  Unit  2,   but  not  as  good  as  Unit  !•  (ttiS) 

7,  Maybe  a  little  better,  (1*03) 
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QUESTION  6  COnriENTS 


Based  on  your  experiences,   do  you  think  the  6-day  plan,   per  subunit,  of 
50-minute  class  sessions  is  realistic  for  the  s^jibunit?     If  no,  please 
explain. 

!•     Some  units  need  mare  time.     Students  may  need  more  time  with  the  '^bs. 
Teacher  needs  more  time  to  explain   lab3,   plus  students  need  time  tu 
accomplish.  (H33) 

2.  It  is  possible  that  some  labs  can  be  modified   to  be  completed  in 
one  period  with   increased  familiarity  with  the  equipment.  (ttSOJ 

3.  Meed   longer  periods  for   labs.  <H62) 

4.  Mot  enough   time.  (tt09) 

Some  lessons  require  more  than   1  period,    1   to  do  and  at   least  part  of 
one  to  evaluate  the  work.  (HIO) 

6.  From  a  science  point  of  view  lab  work  should  precec^.e  book  work  in 
some  cases.  (1^06) 

7.  Some  labs  may  require  more  time  if  everything  does  not  go  as  planned. 
(»07) 

8.  Some  beefing  up  of   the  math  concepts  nv.eds  to  be  implemented.  Some 
more  difficult  problems  for  the  better  students.  (t*18) 

9.  I  could  have  used  an  extra  day  or  even  two   in  both  Mechanical  and 
Thermal   subunits.  (H56) 

10.  CI  and  C2  ofter  need  to  be  stretched  out  to  CJS.  <4437) 

11.  I  think  more  labs  should  be  implemented.  (tt36) 

12.  I  do  not  use  the  50-minute  class  sessions.  (H58) 

13.  Slower  students  need  more   individual   attention  and  time  to  do  nath 
calculat  ion .  (#40) 

14.  Not  enough  time  for   labs.  (#33) 
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to  a  lot  of  work  for   limited  objectives  and  some  of  the  procedures  are 
stilted  and  don't  necessarily  do  what  they  advertise.  (tt56) 

14.  The  teacher's  guide  is  incomplete.      I  believe  ycju  assume  we  Unow  every- 
thing.    The  math  labs  are  too  short  and  repetitive,    the  kids  have  »io 
interest  or  motivation.  (tto?) 

15.  Could  use  more  content   in  math   labs.     Student  handbook  should  explain 
procedures,   etc.    in  more  detail.  (#36) 

16.  The  symbols  in  the  math   labs  were  hard  for   the  students  to  understand. 

17.  Some  of   the  math   labs  were  not  useful   to  the  succeeding  sections.  Show 
some  of   the  calculations  on  the  math   labs.     Also  a  sample   lab  result 
would  have  been  useful.  (#60) 

18.  Teacher's  guide  had  tco  many  mistakes  and   left  out  many  answers.  Math 
labs  do  not  relate  to  the  material  being  covered   in  the  unit.  (#08) 

19.  All  rr.ath   la  s  are  of  such  a  format  as  to  be  depressing  to  look  at  by 
stu'.dents.      I  substituted  about  every  lab.  (#55) 
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QUESTION  8  COMMENTS 

Overall,   ^i<l  yo^  "feel  comfortable  teaching  the  materials  in  the  unit  on 
RATE? 

1,  We  had  problems  getting  some  of  the  labs  operating.     Dewar  flasks, 
no  DP-DT  switches,   orifice,   readiness  didn't  follow  chart.  (ttoo) 

2,  I  do  tiot  feel  comfortable  yet  with  the  lab  components.  (#30) 

3,  We've  been  unable  to  do  the   labs  due  to   lack  of  funding.  However, 
second  sememster  we  should  be  able  to  do  some  labs  because  the  money 
finally  arrived,  (»09) 

4,  T  ofh.en  feel   that  we  should  go   into  more  depth  and  must  restrain  myself. 

5,  I'm  not  a  physics  teacher,  (»08) 


ERIC 


205 


-58- 

QUESTION  7  COMMENTS 


On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  in 
the  unit  on  RATE? 

1.  Class  material  was  not  di-f-ficult  but  required  preparation.  Lab 
material  on  -fluids.  (#30) 

2.  Setting  up   labs  very  time  consuming.  <tt62) 

3.  The  material   -for  me  is  easy  to  explain.     Labs  and   lab  equipment  is 
where  I  spent  most  o-f  my  time.  (**05) 

4.  Lab  prep   is  a  pain  in   the  ass.  (#06) 

5.  My  problems  in  preparation  was  developing   lab  equipment.  Although 
we  have  most  o-f  the  equipment   it   is  spread  out  over  the  system. 


6.  Some  labs  in  this  unit  took  a  great  defil  o-f  preparation.  Also,  it  was 
very  di-fricult  to  re-set  up  some  labs  (Fluid  and  Thermal)  when  P/T  was 
taught   in  consecutive  classes.  (M56) 

7.  Math  is  a  subject  that  I  enjoy  and  am  involved  in  teaching  math  at  th« 
high  school    level.  (*»40) 


(#63) 
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QUESTION  10  COMMENTS 


What,    i-f  anything,   caused  you  the  most  problems   in  teaching  the  unit  on 
RAirr? 

1.  Lab  units,   could  not  get   interest  going*     Was  told  the  same  thing 
could  be  done   in  a  physics   lab.  (tfl3) 

2.  Fluid   labs,  (*I33) 

3.  Fluid   lab  set-up   time.     Unavailable  equipment   in  Mechanical  lab? 
prevented.  (tt30) 

4.  Thermal   lab.  (»62) 

5.  Low  caliber  of  students.  (tt09) 

6.  Lack  of  materials  for   labs  and  demonstrations.     This  is  due  to  no 
prior  knowledge  of  needed  materials  which   left  us  short.  (ttlO) 

7.  Labs  and   lab  equipment.  (tt05) 

B*  Getting  students  to  do  homework.  (tt32) 

'  9.  Equipment  and  vague  directions.  (1*42) 

10.  Lab  equipment   needs.  (t*63) 

.   11.  Lab  materials.  Ctt07) 

12.  Material   handling.  (tt55) 

13.  I  had  no  particular   trouble  and   the  students  seemed   to  do  well.  <ttl7) 

14.  Too  much  time  available  on  most  of   the  math   labs  and  seemingly  unrelated 
math  to  either   the  labs  or   text.  (ttl8) 

15.  The  Electrical  unit  used  equipment   that  was  not  explained  before  the 
unit.      Need  unit  on  how  to  use  oscilloscope  before  doing  the  Electrical 
lab.  (»25) 

16.  Changing  units,   kid's  are  driving  me  nuts.     Trying  to  follow  the  schedule 
when  kids-are  not  doing  the  proper  preparation.  \tt56) 

17.  The  math   lab  timing--!  wrote  a  supplemental  math   lab  which   I  have  done 
for  almost  each  suunit.  (tt37) 

18.  Math.  (ft53) 

19.  Lab  equipment.  (J*60) 

20.  Working  with  the  oscilloscope,    I  had  never  even  touched  one  before. 
The  pre/post tests  are  too  difficult  for  our  students.  (ttOS) 

21.  Math  calculations  on   the  electr  ical  subun  i  t ;   Current  charge 
transferred/elapsed  time.  (tt40) 
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QUESTION  9  COMMENTS 


Do  you  think  most  c-f  your  students  did  thp   issigned  readings  at  home? 

1.  Material   is  not  real   interesting  to  read.     On  some  areas,  (Electrical) 
students  read,   but  on  others  they  were  not  too   interested.  ((♦IS) 

2.  About   13  out  o-f   18.  (#33) 

3.  Despite  exhortations  to  the  contrary,    their  questions  during  lab 
classes  lead  rne  to  doubt  that  they  are  doing  a  great  deal   at  home. 
(«30) 

4.  Too  l?.2y  and  found  material    in  handbook  difficult.  (#05) 

5.  This   is  definitely  the  hardest  part  of   teaching  PRINCIPLES  OF 
TECHNOLOGY.  Ctt32) 

6.  Exercises  at  end  of   the  discussions  were  excellent.  (»45) 

7.  I  feel   the  readings  should  have  a  glossary  of   terms.     oome  units 
require  students  to   look  up  the  various  terms  if   they  are  to  ful- 
ly understand   the  mater  ial .  (#63) 

9.      I  have  them  read   in  class  because  I  nave  them  3  hours  per  day,   5  days 
per  week.  (*tl7) 

9.     When  the  assignments   (homework)   were  greater  as  they  were   in  FORCE,  the 

students  were  more  committed  and  put  forth  more  effort.  (ttl8) 

10.     Getting  kids   (most  people  for  that  matter)    is  a  struggle.  (1*37) 

H.     We  did  all   readings   in  class.  (#58) 

12.  Students  will   not  do  reading  at  home.  \M03) 

13.  Some  of  the  slower  students  came  to  class  not  as  well  prepared  as  I 
had  hoped   they  would  be.  (tt40) 

14.  There   is  no  way  that   is  going  to  happen.  (tt55) 


ERIC 


-63- 


QUESTION  il  COMMENTS 


Do  you  feel   the  Teacher's  Guide*  material  provided  you  with  enough  infor- 
mation to  help  you  successfully  implement  th&.unit?     If  no,  what 
should  be  added  to  the  guide  to  make  it  more  useful? 

1.  Fluid,    I  needed  to  know  hew  many  cubed  centimeters   in  a  liter.  <lt33) 

2.  More  sample  problems  for  rnath   labs.      I  used  physics  problems  for 
practice   in  content  area.  (»05) 

3.  Demo  ideas  for  oscilloscope.  (JI06) 

4.  More  information  on   lab   i.e.,    results  to  be  expected,    etc.,   so  teach- 
ers might  need  more  background   information  on  the  materials.  (**07) 

5.  Some  areas   I   had   to   look  up   in  other  books    (might  be  my  fault,  though). 
(#17) 

6.  It  would  be  helpful   to  have  answers  to  the  oscilloscope  problems.  (»i8) 

7.  Step  by  step   lab   instructions.  (»25) 

8.  Include  explanation  on  some  of   the  sample  problems.      Include  mere  on 
what  should  happen  and  be  very  specific  in   the   labs.  (»37) 

9.  Instructions  can  be  more  detailed  and  comprehensive.  vM36) 

*   10.     A  sample  of  each   lab--sample  data  to  help  students  know  if   labs  are 
working.  (»60) 

11.  More  background  material  would  have  been  helpful.  I've  spent  a  lot 
of  time  trying  to  find  reasons  that  things  are  like  they  are  stated 
In  the  book.  (»03) 
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22.  Mot  enough  time  -for  labs.  (H3S) 

23.  The  labs  would  have  due  to  mater ialsi   but  substituted  labs  helped 
and  viere  no  problem.  (#55) 
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QUESTION  14  COMMENTS 

.Did  you  combine  any  classes  into  one  session    (for    example,    teach  classes 
CI  and  C2  in  on^-  session)?     If  yes,   which  classes  'lid  /ou  combine? 

1.  CI   and  C2  and  then  Math  Lab  and   labs,  (#13) 

2.  CO,   CI,   and  C2  in  one  day,   Ml  and  LI  on  day  2,   L2  and  Summary  with 
quiz  on  day  3.     This  seems  to  be  a  comfortable  schedule  for  the 
double  per  iod  al tern ate  week .  ( 

3.  LI  and  L2  general  background.  (ttiO) 

4.  Labs  on  Mechanical,   Fluid   (it   is  almost   impossible  for  me   to  set 
up  2  labs  a  week).  (t*05) 

5.  Math   lab  and  CI,    CI   and  C2.  (#45) 

6.  Most  CI  and  C2  classes  were  covered   in   1  to   1   1/2  days  so  that  ad- 
ditional material   could  be   introduced.     Math  Labs  were  introduced 
as  homework,  (#07) 

7.  I*m  still   teaching  CI,   C2  and   lab  prep   in  first  3  days   (sometimes  4 
days).  <*456) 

9.     We  combined  as  many  as  pcssible.  (#53) 

9.     0  and  CI,   Review  and  Test.  (#60) 

10.  I   try  and  group  two  classroom   lectures  every  time,    thus  home  reading 
is  required.  (#40) 

11.  LI   and  L2  with  split  class.  (t»3S) 

12.  except  for  math   labs  which  are   integrated   into   labs  and  other  classes. 
(#55) 
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QUESTION   12  COMMENTS 


Did  you  teach  Unit  III:   RATE  on  consecutive  days  for  26  days?     If   no,  what 
pattern  did  you  us©   (for  example,   3  days  a  week)? 

1.  2  days  a  week,   2  hours  a  day.  (#13) 

2.  Double  periods  during  alternate  weeks,  (tt30) 

3.  This  unit  ran  30  days  -  holidays  caused  schedule  changes.     Several  les- 
sons took  2  days .      ( ttlO) 

4.  Consecutive  days  except  for  winter  break  and  now  review  for  finals. 
(ttOS) 

5.  Thirty  consecutive  days.  (tt32) 

Cm     During  this  period   I  was  selected   to  attend  a  course  taught  within 
our  system  plus  the  holiday  break  caused  a  long  delay  before  the 
unit  could  be  completed.  (#63) 

7.  We  a-^ded  about  one  week.  We  spread  the  unit  cn  RATE  out  so  that  w© 
coul'.^  stall  for  time  before  unit  4  (equipment  lists  were  not  avail- 
able so  that  orders  could  be  made).     Enrichment  material   was  given. 


8.  Interrupted  normal  pattern  for  one  week,   so  I  could  get   lab  equipment  in. 

9.  Yes,   except  for  all   the   interruptions.  (ttl3) 

10.  Every  other  day.  (tt25) 

11.  More  like  30  days.  (tt56) 

12.  We  had  about  a  4  day  stop  to  do  semester  breaks  for  all   of  the  different 
schools.  (tt37) 

13.  Two  or  three  days  a  week.  (1*53) 

14.  We  had  skips  because  of  Christmas  and  semester  tests  and  snow.  (tt08) 

13.     As  my  time  schedule  must  correspond  to  rny  Machine  Shop  class,    I  use 

1   1/2  periods  of  a  two  hour  block  per  weak,   with  home  assignments.  <l*40) 

16.  It  took  33  days,   however,    due  to  additional    lab  activities  teacher 
added.  (ttSS) 

17.  Had   to  use  more  time  for   labs.  (tt33) 


(<*07) 
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COMMSNTS  F0\  OVERVIEW  CLASS 


1.  Kids  see  the  paint  af  studyi^r^  rates  very  well.     Print  ms.terial 
very  good*  (iiSO) 

2.  Did  not  finish  Ovarvi^w  as  students  had  quite  a  few  comments  and 
questions.     This  video  i'eally  got  the  students  thinking.     A  few 
had  the  attitude  of  so-v>?;.at,   why  do   I  need  to  know  that?  Ex- 
planation went   into  the  next   session.     Had  students  answer  their 
own  questions  about  need   to  know  as  an  outside  assignment.  Worked 
out  •••^ell,   but  was  time  consuming.  (tti3) 

3.  Overall    it  was  excellent  but       think  a  little  more  material  on 
Electrical  subunit  would  have  been  good.      1  believe  a  10-15  minute 
lecture  before  the  videos  Jtnd  students  would  have  enjoyed 

it  better.  (H45) 

4.  Overview  materials  could  be  a  littie  more  comprehensive  but  was  con- 
sidered adequc:.te.  Instructor  experiences  and  knowledge  played  a  key 
role   in  the  success.  (tt36) 

5.  Good  unit   in  the  sense  that  students  understan^l  velocity,  angular 
velocity,   volume  flow  rate,   mass  floH  rate,   and  heat  flow  rate. 
Electrical   systems  present  an  understanding  concept  as  how  do  you  se« 
or  feel  change  transfer.  (*t40) 
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QUESTION  17  COMMENTS 


Do  you  have  any  other  comments,   concerns,   or  suggestions  for   the  unit  on 


1.  I  feel   we  need  to  take  a  look  at  some  of  the  labs.     Also  need  to 
work  through  the  labs  for  next  year  when    (if)   we  get  together.  (f*33) 

2.  KJid^os  seem  to  have   improved.     Print  material  continues   in  quality, 
but  k  ids  do  not   1 i  ke  read  i  ng  and  tend  to  res  is t .     Math   1 abs  are 
drawing  rave  reviews    (perhaps  because  they  give  a  positive  reinforce- 
ment),   but   the  overall    imps'^ession  of   the  applications   labs   is  not 

9S  strong  as  it  could  be.     Some  seem  to  be  untested  or  poorly  tested, 
OR,    real   kids  can  find  very  strange  ways  of    Interpreting  the  labs. 
Perhaps  a  teacher's  manual   addition  of   "post-lab"   suggestions  helping 
MS  to  stress  wiith  the  kids  what   the   lab  activity  was  to  show,  might 
be  useful.      It  seems  to  me  as  well   that  some  of   the  labs  are  being 
intentionally  complicated   to  make  use  of  equipment  used  for  other 
labs.     This  may  help   in  demonstrating  increased  cost-effectiveness 
to  school   committees,   but   it  doesn't  endear  the  program  to  the 
teachers  who  have  to  set  up  6   lab  stations  before  class.  (tt30) 

3.  The  student  test  does  not  coincide  with   ^he  unit  content,    in  that  th« 
unit  places  strong  emphasis  on  mathematics,   while  the  test  containa 
orly  a  very  limited  amount  of  mathematics.      I  sUggest  that  revised 
forms  of  the  test   indicate  the  same  emphasis  as  the  unit  content,  or 
♦•hat  the  math  emphasis   is  reduced.  (fllO) 

4.  This  unit  was  excellent,    students  seemed  to   like   it  very  much,  es- 
pecially subunit  on  Electrical   RATE.  (tt45) 

5.  I  feel   adamant  about   the  need  for  more  student  accountability. 
Questions  at  end  of  each   reading  assignment,   questions  following 
labs,    etc.  (tt06) 

6.  The  student*;  vjere  more   interested  I'^hen  the  assignrrients  required  more 
time  on   their  art,    like  the  unit  on  FORCE.  (1*13) 

7.  Instructions  can  be  geared  more  to  the  high  school   student  who  has  lit- 
tle technical   knowledge.  (H36) 

8.  Good  unit.     Students  enjoyed   the  Mechanical   system.  Ctt40) 


9.     The  teachers  and  the  students  are  gettiiig  sick  of   the  music  at  the  be- 
ginning of  each  video  with  the  P/T   logo!  (tt03) 

10.     Electrical   RATE   labs  weak.      Conveyor  belt  and  washer   lab  a  little 
trite.  («55) 
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Mechanical:  Students  on  most  part  could  relate  to  the  drag  races  and 
their  rato. 

Fluid:     On  measurement  of  flow  rate  at  dam  th'=*  bottom  will   not  be  the 
same  in  all  places,   should  have  explained  the »   /ou  took  an  average. 
(tl08> 

Overview:     We  really  got   into  the  dragsters  and  computed  all  types 
of  rates  for  students'   cars.  (tt55) 
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COMMENTS  FOR  VIDEOS 


1.     Mechanical:     Superlative,    I   learned  a  lot. 

Fluid:     Guy  in  the  lake  deserved  extra  money. 

Thermal:     Obviously  the  best  done  overall   video  unit.      Tended  not  to 
be  as   llsht   in  tone  as  the  others   in  the  RATE  unit.     Recommend  that 
you  keep  the  kicker  at  the  end  of   the  video.     V/ery  effective  usins 
youns  or  youns-lookins  technicians.     Kids  can  relate  better  to  them. 


2.  Overview:  Very  good.  Created  a  lot  of  questions  and  required  a  lot 
of  explanation.  Took  class  away  from  lecture  and  put  it  in  question 
and  answer  type  c 1  ass. 

Mechanical:     Very  interesting.     Formulas  are  given  but   I  believe  it 
would  be  a  great  advantage  if   the  formulas  were  used  and  a  problem 
solved*  CH13) 

3.  Fluid:     The  material   on  the  rate  measurement  of   the  river   is  not  ac- 
ceptable.    W&ter  changes  depth  radically  just  beyond  exper imenter $ 
therefor*  multiple  depth  measurements  are  needed  to  find  x-sec  area* 
Width   is  not  a  direct  measurement,    this  could  be  done  by  surveying* 
Water  velocity  varies.     Fastest   in   top  middle  and  slowest  at  edge«* 

Summary:     The  sequence  on  the  high  jumper  and  woman  climbing  stairs  im- 
plies equality  of   heights  -   Impossible  -  woman  has  gone  up  many  normal 
rise  steps.  (ttlO) 

4.  Electrical:      It  was  good  but  more  real   world  examples  on  this  ; 
section  would  have  been  I'seful.  (rt45) 

5.  All  continue  to  be  helpful.     Students  continue  to  enjoy.  (H06) 

6.  I  would   like  to  sum  up   the  effectiveness  of   the  videos   in  one  state- 
ment:     If   they  are  improved  upon   there  will   be  no  need  for  an  in- 
structor.     According  to  M.   Hunter  theory  and   teaching  methods  ifs 
all   there.     Keep  up  the  good  work.  (tt63) 

7.  Videos  are  better.  <H07) 

9.  Mechanical:  Measuring  flow  in  channel  was  rute,  but  kids  were  quick 
to  point  out   inaccuracies.  (H56) 

9.     Electrical:     This  video  didn't  back  up   the   lab  much.  \^23) 

10.  I  miss  the  humor  episodes  with  respect   to  the  videos.     The  students 
rnis'S  the  humor  episodes  3nd  particularly  the  old  movie  shots. 

11.  All   viere  good«  (1^36) 


12.  Students  enjoyed  all   the  videos.     Could  go   into  a  little  more  detail. 

13,  All  were  good.  (»40) 


(♦♦30) 
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*    10.     Mechanical:     Less  bulk-mare  prir/:iples. 

Fluid:  Example  3-F  on  page  43,  the  answer  is  incorrect.  Should  be 
41.67  gal/min.  iHOB) 

11.  Mechanical:     Excellent  jOD. 
Fluid:  Easy. 

Electrical;     Hard  to  instruct. 
Thermal:     Good.  (»40) 

12.  Fluid:     Page  43,   example  3-F,    Qv  =  41,67  gal/rn,    not  33  c,al/m.  <H33) 
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COMMENTS  FOR  CI  CLASS 

1.  Mechanical:     /ormulas  come  too  fast  and  heavy.     Should  hrve  more 
examples  per  -formula  or  a  little  more  explanation.  (#13) 

2.  Mechanical:     Students  seem  more  at  hom^  with  vectors  at  second 
exposure. 

Fluid:     What  a  short  subunit. 

Electrical:     Class  worUed  wel 1 ,   no  problems. 

Thermal:     Mi^ht  we  assume  that  R-values    (as   in   insulation)    are  goin^ 
to  show  up   In  the  RESISTANCE  unit?     Might  be  worth  citing  here, 
at   least   in  Teacher's  pages.      By   the  way,   what's  celotex? 

3.  Mechanical:     My  strobe  is  not  calibrated   in  cps,   scale   is  0-iCO. 

Fluid:     The  procedure  -for  part  2  of   the  demo   is  confusing  as  written. 
This  is  a  standard  ^measurement  and  I  suggest   t.'^at   i  t  be  written  as 
such,     »yJhat   Is  meant  by   "Fill    the  beaker"    (Part  2,   direction  3)? 

Thermal:   Pag3  110,   diagram  illustrating  vibrational  motion  would  bm 
helpful.  (ttlO) 

4.  Fluid:     Error  on  page  43,   example  3-F.     Answer  should  be  41.66 
gaWmln.     Error  on  page  43,   question   10,    answer  should  be  either 
A  or  D  since  1.66  rounded  off  equal   1.7  kg/min,  (tl42) 

5.  Mechanical t    It  was  excellent,    I  think   it  couldn't  have  been  easier 
explained,    3raphs  and  discussing  were  great- 
Fluid:      It  was  very  good.     Stadents  had  no  problems  of  understanding 
the  concepts.     The  unifying  concept  and  equations  v#«?re  a  great  help. 

Electrical:      It  was  great  but   I  think  because  of   the   ii/iportance  of 
this  section  we  could  have  had  a  little  wore  material.  Stadents 
were  loving  it. 

Thermal:      It  had  an  excellent  practical  vein   for   the  students.  They 
could  actually  feel   the  need  for  understanding  of   this  section.  (#45) 

6.  Electrical:     Pager  83,    #8,    frequency  is  a  measure  of  how  often  events 
take  place.     Us«  of  repeat   implies  first  action  does  not  count. 
(♦♦06) 

7.  Fluid:     Mistake   In  math  page  43,    example  3-F;   41.6  gal/min,    not  33 
gal  /min.  (tfiS) 

8.  Fluid:     This  system  seems  to  be  the  most  difficult  by  far  for   the  kids. 
Part  of   the  problem  is  with  cubic  values.     We  need  a  simple  presenta- 
tion that   Is  inclusive.      I  know  that  will   be  hard   to  do.      ( »37) 

9.  Instructor  knowledge  and  experiences  hel  jed   in  making  all   four  systems 
more  interesting  to  the  students.  (»36) 
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•     8.     Example  3F  has  wrong  answer."     Should  be  41.67,   not  S3.  (#60) 


<3 


219 


-72- 


COMMENTS  FOR  C2  CLASSES 

1.  Mechanical:     Good  chance  to  review  torque. 

Thermal:     Cheaper  and  as  effective:   melting  of   ice.     Lots  of  waiting 
time  here.     Recommend  setting  this  one  up  after  C2,   starting  it  on 
the  next  class,   conducting  Mi  while   it  heats  and  stabilizes,  and 
completing  the  post-lab  and  write-up  at  the  end  of   the  math  lab. 
This  one  is  not  what  you  would  call   an  earth  shaking  discovery  lab. 
(»30) 

2.  Thermal:     Errors  on  page  116,   example  3-N,   70  degrees  Celsius  should 
be  70  Celsius  degrees.       Page  117  same  example.      Derno   took  far 

too  much  time  to  complete.  (t*42) 

3.  Mechanical:     Check  page   17,   5th   line  down.      According  to  my  physics 
book   (college)    "General  Physics,"  clockwise  "^otation   is  minus, 
counterclockwise  rotation   is  Please   inform;   otherwise  okay.  (tt05) 

4.  Mechanical:     There  is  a  technical  mistake  on  page  19  question  ^2c, 
where   it  is  asked  to   identify  the   linear  or  rotational   rate.  Some 

of  the  students  were  confused  because  of  drill's  linear  and  rotational 
speed,   and  I  believe  question  could  have  been  more  clear. 

Fluid:     Students  understood  and   liked  this  subunit. 

Electrical:      I  think  this  section  was  the  most   important  part  of  the 
unit  and  students  payed  special   attention  to  it. 

Thermal:     On  page  116  at  the  end  of   the  example  3-M,   BTU  should  be 
BTUs.     On  page  120,   ejcample  3,   specific  heat  of  viater  was  written 
as   I  cal /gm/ce  Isius  degree,   while   it  should  be   I  cal/grn  celsius  de- 
gree. (♦♦45) 

5.  Mechanical:  In  my  opinion  example  3C  needs  to  be  changed  using  one 
revolution  in  one  second.  Should  be  changed  to  more  than  1  revolu- 
tion and  more  than   I   second.      In  both  3C  and  3D  the  nurfiber  of  steps 

used  to  illustrate  Rev/min  Rads/sec  is  confusing.      I  shortened 

the  procedure  with  success. 

Thermal:     Error   in  student  exercise  »3C,   should  be   1 . 00  cal/gm«°C  • 
(M38) 

6.  Strobe  not  calibrated--  we  got  the  idea.     Could  you  insert  comment 
on  timing  light   (auto)   here?  (#06) 

7.  Pluid:     On  student  exercise  »7  could  be  volume  or  mass  because 
ounces  is  a  measure  of  both  volume  and  mass.   Page  43,  **10 
answer  A  is  correct  if  you  round  off. 

Electrical:     Demo  -   it  was  difficult  to  use  the   -*sc  i  1  loscope,  be- 
cause I  had  never  used  one  before • 

Thermal:     Page  111,   example  3N  should  be  70^.     Also  had  a  problem 
with  demo.     Nail   never  fell   during  class  on  steel  bar.  (tt03) 
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calculations,     1  feel   the  math   lab  should  be  a  practice  of  the 
sample  calculations  in  the  text.     Again,    I  have  written  supplemental 
material.      <*»37)  ' 

9.     Very  good  and  each  example   is  easily  understood.      In  fact,   all  labs 
are  great,  but  we  are  not  fully  equipped fto  complete  all   labs,  (#63) 

10.  Thermal:     It  seems  incongruous  that  in  previous  reading  assignments, 
scientific  notation   is  talked  about  and  then   in  the  math   lab,  the 
method   is  not  followed;   e.g.   page  125.     On  page  T-125  there  are 

two  answers  that  are   incorrect.      It  seems  that  all  of   the  math  labs 
neod  beefing  up  with  similar  problems  to  those   in  the  text  and  those 
in  the  practical    labs.  (**18) 

11.  Some  power  of   10  unit  answers  are   incorrect.  (#33) 

12.  Math  labs  are  getting  better.  (#07) 

13.  Thermal:     Power  answers  are  negative.  (#55) 

14.  Some  problems  did  occur   in   the  math  classes.     The  symbols  seem  to 
give  the  most  probems.  (#58) 

15.  Mechancal ;     Average  and  above  average  students  had  no  problems. 
Fluid:     Mo  problem. 

Electrical:     Explain,   but  what  do  you  use  for  a  visual  example? 
Thermal:     Good.  (#40) 

16.  I  have  commented  on  this  to  CORD  evaluation:    Ib-in     vs  psi.  Metric 
or  English,   one  or  the  other.     Posers  of   10  at  this  time?  Why? 
(#62) 

17.  Mechanical:     They  will   not  be   interested   in  doing  power  of   10  no- 
tation with  a  calculator   in  hand,   but  they  were  willing  to  see  how 
to  write  the  numbers. 

Fluid:     Addition,   subtraction,   multiplication  and  addition,  power 
of   10  or  not,   will  be  done  by  calculator  as  far  as  the  kids  are 
concerned.' 

Electrical:  Recommend  adding  seme  time  for  students  to  turn  on 
oscilloscopes  and  play  with   them   in  addition  to  reading  scales. 

Thermal:     Kids  had  no  problem  changing  the  units.     Good  as  an 
extra  help  session  for  those  who  need   it.  (#30) 

18.  Electrical:     No  answers  were  provided   for  student  problems. 

Thermal:     T-125,    errors,    19.1   x   lO"*^    should  be   .191   x  10"^, 
0.0191   X   lo"^  should  be   191   x   lO"^   ,    136,000  Kj   should  be  136,000 
kj.  (#42) 

19.  Mechanical:     It  was  accurate  and  students   {some)    like  it.     But  for 

221 


s 


-74- 


COMMENTS  FOR  MATH  LAB  CLASSES 


1.  Plaid:     Adding  and  subtracting  of  exponential   numbers  are  not  ne- 
cessarily easier  than  adding  or  subtracting  decimal  numbers  for 

zT.ozt  students.     The  only  real   savings   Is  in  multiplying  and  dividing. 

2.  Mechanical:      This  should   have  been   Introduced  back   in  Electrical  WORK. 

Electrical:      Mo  answers  were  provided   in  teacher's  edition.      I  was 
not  sure  of  my  answers  and   it  caused  many  problems • 

Thermal:     Problems  1  and  2  on  page  124  were  already  worked   in  student 
curriculum.  (ttOS) 

3.  Meed  more  for  students  to  have  an  active  role,   so  give  a  hundred 
problems,   we  can  select  which  ones  we  want.  (tl06) 

4.  Mechanical:      I  really  think  more  practice  on  the  math  associated 
with   the  subunlt   Is  needed.      I  don't  know  where  power   of   10  and  * 
scientific  notation  would  be  done.      Does   it  really  need  to  be  at 
this  time? 

Fluid:     Why  not  practice   the  math  used   in  CI  and  C2?     If   it   is  ne- 
cessary to  review  power  of   10  numbers  and  scientific   notation  why 
not   in  the  day  or  two  at   the  end  of  work,    since  thermal    is  not 
there. 

Electrical:     Good.     We  need  r.iore  that  apply  directly   to  CI,   C2,  LI 
and  L2. 

Therrnai;     Devote  problems  in  thermal  RATE,   maybe  a  specific  subunit. 
Fourth  one   in  WORK  r^n  power  of   10  and  scientific   notation.  (1*33) 

5.  We  have  bagged  the  math   labs  entirely,    integrating  math  concepts  as 
needed   into  labs,    lab  wrap-ups  and   lectures.  <#55) 


6.  Mechanical:     This   lab  took  2  days. 

Fluid:     This   is  probably  a  2  period  activity  for  most  students. 

El ectr leal :     Troughs  are  not   at  cons i  stent  depress  ion   level,  trough 
not  as  wi<i©  as  crest  portion.     Trough  and  crest  portions  not  con- 
sistent in  width   in  problem  2.     Grid  drawing   is  absolutely  erroneous. 
This  is  too  good  a  math   lab  to  have  this  much  error.  (1*10) 

7.  Most  of  the  math   labs  continue  to  require  supplementation  by  the 
instructors.      This  applies  to  all   systems-  (1136) 

8.  Mechanical:     Too  short.      Also,   we  need   to  explain  math  more  suc- 
cinctly. 

Fluid:  It  would  be  better  If  the  problems  were  applied  to  a  situation. • 
The  kids  find   these  exercises  as  repetitive* 

Thermal:     It  appears  to  me  I t  was  too  short  and  Ignored  the  math 
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most  o-f  the  students  it  was  not   interesting.     They  wanted  some 
more  advanced  material* 

Electrical:     On  page  T-87,   voltage  reading  o-f  a  multimeter  was 
calculated  as  1.414  of  peak  to  peak  voltage  ai  scope,   while  it*s 
not   1.414  and   it   is  .313.  (tt45) 

20.     Mechanical!     Okay  but  not  enough  problems  relating  to  the  many 
-formulas  given   in  the  content  area. 

Flud:  Inappropriate  -for  content  material.  The  way  it  was  e^^plained 
was  con-fusing. 

Thermal:     Again,   had  to  supplement   lab  with  physics  problem  on 

H=  mcAT  and  Qh   lost  =  Qh  gained.     Need  to  have  more  guided  practice 

problems.  (f^OS) 
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COMMENTS  FOR  LAB   1  CLASSES 


1,  Mechanical:     Appropriate  but  the  equipment  listed  could  not  be  pur- 
chased or  stored   (-from  my  district).     Variable  speed  drill  press 
would  have  su-f-ficed. 

Fluid:     Okay,   but  had   to  do  only  1   lab.      Impossible  to  conduct 
2  labs  per   weeU.  (»05) 

2,  Electrical:     We  could  have  used  more  experiments   like  this  part. 
The  rest  were  excellent.  (♦♦45) 

3,  Mechanical:     Our   "so-called"  conveyor  belt  apparatus  has  never  ap- 
peared.    We  do  have  some  pulleys,   clamps,   and  tubing  sent  to  us  un- 
der the  cover  o-f  conveyor  belt  apparatus,   but  what   is  to  be  done 
with  them   is  beyond  my  ken.      This   Is^b  not  done. 

Fluid:     Poor!     Poor!     Poor!     Directions  unclear.   S-W  equipment 
leaked,    hoses  kinked,   bobber  stuck  to  sides  o-f   trough,    -flow  control 
valves  not  dependable,   etc.     However,    the  stopwathces  worked  well 
and  the  water  did  -flow... and  -flow. 

Thermal:     S-W  sent  us   115  volt     660  watt  heaters.      Naturally  they 
provided  no  heat  with   12  volts  D.C.     Directions  on  room  temperature 
measurement  and  calculations  were  con-fusing.     DMM*s  -from  S-W  were 
inaccurate  with  temperatures  at  25  degrees.  (t*42) 

^     4.     Mechanical:     EqtJtipment  never  arrived,   unable  to  complete. 

Fluid:      I   ?^ave  never   instructed  a  messier   lab.     Recommend  elimination 

•  o-f  power  supply  and  pump.     Replace  with  siphon  or  carbuoy  with  -faucet 
t^p.     Lab   is  terribly  complcated   for  my  kids  and   I   am  not  convinced 
the  point  was  made. 

Electrical:     Mice,   simple,   well-written  40  minute   lab.  Requires 
teacher  to  be  speci-fic  on  meter  settings. 

Thermal:     Used   lots  and   lots  o-f   thermocouple  wire  in  making  connec- 
tions.     Is  there  a  better  way?  (1*30) 

5.  Who  has  a  sink   in  their  voc-ed  classroom?  (t*62) 

6.  All   the  labs  were  very   instructional   and   the  students  enjoyed  them 
very  much.  (tt58) 

7.  Mechanical:     Equipment  was  not  available   (did  not  do). 

Fluid:     Hose  provided  -for   tKe  lab  would  not  fit  -flow  control  valve. 
Students  had  a  hard  time  understanding  cross  section  area  calcula- 
tions and  what  was  taking  place.     Troughs  leaked. 

Electrical:     Very  good,   students  enjoyed  using  the  oscilloscope. 

Thermal:     The  lab  would  not  work  using  the  procedures   in  the  text. 
Work  using  AC  at  29  volts  and  preheating  the  flask  for  2  hours. 

•  Could  be  done  using  two  calorimeter  cups  and  an  aluminum  bar. 
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8.  Fluid:     Answers  on  page  T-56  are  messed  up,   at   least   that's  the  con- 
conclusion  we  made. 

Thermal:     No  double  SP-DT  switch  available.  ;l#33) 

9,  Mechanical:     Page  T-32  part  2,   0.2  oz  should  be  0.23  oz. 

Thermal:     This   is  one  o-f   those  experiments  that   take   longer  than  50 
minutes  to  complete.     A  60-75  v^jatt   light  bult  would  have  been  a  lot 
quicker,   but  o-f  course,    not  as  safe  with   the  present  apparatus.  We 
had  to  double  the  voltage  reading  on   the  power  supply   to  get  any- 
thing at  all  worthwhile  out  o-f   this  experiment.  (ttlS) 

10.  Mechanical:     Could  not  do.     S-W  did  not  ssnd  us  materials  -for  this 
lab.     We  are  novj  having  a  conveyor  belt  made  -for  us. 

Fluid:      Interesting   lab,    the  calculations  were  di-f-ficult.     We  need 
to  explain  to  the  kids   in  an  understandable  way  how  the  X-section 
area  is  determined.      It  would  be  help-ful   to  the  teacher   i-f  you 
would   include  a  direct  explanation  o-f  how  the  apparatus  relates 
to  a  dam. 

Thermal:  Good  lab!  The  kids  thought  the  connecting  was  di-fficult 
and  I  agree  -for  these  kids  and  teacher  who  didn^t  know  a  lot  about 
el  ec  tron  ics.  (♦♦32) 

11.  Mechanical:     We  couldn't  do  this   lab  because  we  lacked  the  equip- 
ment.    Perhaps  another  concept  would  generate  raore  enthusiasm 
■for  students  and  instructors. 


Fluid:     This   lab  could  also  contain  iViore  activity  -for   the  students. 
The  set-up  requires  the  most   time.     From  there   it   is  sort  o-f  down 
hill.     Students  got  a  little  messy  towards  the  end  o-f   the  lab  be- 
cause of  boredom. 

Electrical:     This   lab  also  needs  more  activity. 

Thermal;     The  thermal    labs  were  -fine  but   take  a  technical   mind  to 
set  up  properly  on  the  -first  one.     It  worked  fine  however,  and 
accomplished  goals.  (H36) 

12.     Mechanical:     Dt'.e  to  materials  requirements,    it  was  iiecessary  to 
construct  conveyor  systems  -for   this   lab.     This  was  a  very  time 
consuming  job,   as  there  were  no  dimensions  or  speci-fic  suggestions 
-for  the  work . 

Fluid:     Calculations  sheet   is  con-fusing. 


Thermal:  Mot  done.  DeWar  -flask  and  Type  E  thermocouple  not  available. 
(♦♦10) 


13. 


Mechanical:  We  bagged  3M1  and  did  linear  rate,  vibration,  oscillation,^ 
deceleration  1 nstead. 
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Fluid:     We  measured  -flow  r€,te  o-f   nearby  creek  and  flow  rates  o-f  4 
different  pumps  each  at  3  different  heights,    instead  of  2  as  lab 
suggested. 

Thermal:     We  again  substituted  a  lab,    in  this  case  for   the  DeWar  lab. 
We  melted   ice  to  steam  and  graphed  sensible  and   latent  heat,  as 
well  as  adding  another   lab,   we  graphed  a  lot  here.  (tt55) 

14.  Mechanical:     There-  were  no  conveyor  belts  on   the   initial    list  and 
none  available  at  the  vendor.      I  made  one  and  demonstrated  the 
procedure.     Worked  well,   but   I  need  t^  know  if   they  will  be  avail- 
able or   if   I  need  to  start  gathering  parts  to  make  5  more. 

Fluid:     Just  barely  enough  time,   real   close.     Wrong  connection  for 
pump . 

Electrical:     Just  enough  time. 
Thermal:     Got  to  have  more  time.  (tt38) 

15.  I  substituted  for  every   lab  but  Electrical.  (tt06) 

16.  Mechanical:     Figure  out   less  expensive  conveyor  mechanism.  Con- 
veyor mechanism  we  used  would  not  hold   items  on  it. 

Fluid:     Did  rot  receive  materials  so  I   improvised  a  lab.     On  page 
59  the  use  of  T  and  t  for  time  should  be  one  or   the  other.  Also 
the  use  of    1  for  both   length  and   liters  was  confusing. 


Thermal:     Error  on  page   136   in  Table  2.     Temperature  difference 
across  cylinder,   or  temperature  change,   should  be  Celsius  degrees. 
We  used  a  coffee  can   instead  of  an  expensive  DeWar  flask  and  ex- 
periment still  worked.     A  lot  of   these  experiments  could  be  done 
more  cheaply.  (ttOS) 

17.  Mechanical:     Didn't  have  conveyor  belts. 
Fl'.^id:     Good  lab. 

Electrical :  Okay. 

Thermal :     Our  equipment  didn*  t  work.  (H60) 

18.  Mechanical:     Lab  was  too  simple,    it  took  too  much  time  and  money  to 
set-up  experiment.     Students  understood  process  before  we  started. 

Fluid:     Lab  too  complicated,   could  not  get  system  to  function  pro- 
perly -  gave  up  on   it.     Used  pneumatic  Robot  arm   instead.  Students 
could  not  understand  why  P/T   lab  understood  the  speed  control  on 
robot's  arm.  (ttl3) 

19.  Thermal:     The  heat  source  seems  too  slo\*4  for  50-minute  class,  or 
results  are  too  small   to  calculate  early.  (H32) 


20.     Mechanical:     Good  I  guess.     I  did  not  have  conveyor  belt  apparatus. 


o 
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Flud: 


Good  • 


Electrical : 


Good  • 


Thermal:     A  goad  lab  but  has  one  problem.     Finding  a  point  of 
stabilization  i,e  ,   page  135   (step  4)    is  next  to  impossible,  (#17) 

21.     Mechanical:      I   didr't  care  for  this  lab,      I  think  there  are  many 
othor  ways  to  measure  a  constant  velocity. 

Fluid:     The  kids  liked   this  lab  but  the  weir  was  not  really  used.  I 
would  have   liked  to   include  a  measurement  using  a  weir  even  though 
a  larger  channel  would  be  required. 

Electrical:     Biggest  problem  was  kids  blowing  fuses  on  meters. 

Thermal:     Much   time  was  devoted  to  using  the  formula  for  heat  flow 
rate.     Yet   in  the   lab   it  ;-jas  barely  mentioned.     I  felt  that  indica- 
ting that  the  heat  added  by  the  element  will   all  be  transfej-red 
through   the  Al.   was  misleading.     Only  about  20%  of  heat  goes  through 
Al,    the  rest  is   lost.     This  could  be  discussed  and  maybe  demon- 
strated.      The  average  kid  couldn't  set-up   this  lab  and  get 
results   in  50  minutes.  (H56) 
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li  COMMENTS  FOR  LAB  2  CLASSES 

1.  Mechanical:     Great,   kids   laved  it. 

Flui<lJ     Far  too  much   trouble  setting  up  -for  what  you  get  out  of  it. 
I  can't   imagine  doing  this  with  groups  o-f  4  kids  each. 

Electrical:     Great!     Kids  did  well.  I  even  gave  a  practical  test 

and  my  poorest  students  came  out  on  top. 

Thermal!     When  you're  doing  several  consecutive  classes   it   takes  a 
lot  of  boiling  water.  (**5a) 

2.  Mechanical:  Good. 

Fluid:     An  excellent   lab.     3F2  takes   longer  set  up   than  most  lab^. 
Suggest  set  up  one  day  and   lab  the  next.     Otherwise  students  rush 
too  much,    falling  to  pick  up   important  points.  <I417) 

3.  Fluid:     Data  did  not  seem  to  substantiate  table  data.     Orifice  size 
probably   In  error.  (1432) 

4.  Mechanical:  Did  not  perform  this  as  it  was  too  expensive.  We 
used  a  timing  light  on  an  automobile  and  got  the  same  results. 
Students  could  put  this  to  a  practical   use.  ((413) 

5.  Mechanical:     Our  strobe  was  too  hard   to  calibrate.      It  was 
hard  to  read  the  strobe  setting. 

Fluid:     We  didn't  get  our  apparatus  to  wDrk. 

f 

Electrical:     Students  enjoyed  this  one. 

Thermal:     We  didn't  have  everything  for   the   lab.  (tt60) 

6.  Mechanical:     Did   lab   late  because  of  delay   In  receiving  strobe. 

Fluid:  Did  not  do  because  it  was  too  complicated  to  even  understand 
for  the  teacher.      Simplify  it. 

Electrical:  For  a  person  that  has  never  touched  an  osc  i  1 oscope  be- 
fore,   this  lab  wa3  extremely  difficult  to  set  up. 

Thermal:     This  was  one  of  the  most  down  to  earth  practiccU  labs 
have  had .     The  studen  ts  were  able  to  see  more  about  what  wais  go i ng 
on   In  this  lab  than  any  of  the  others  we  have  had.     Why  can't  more 
of  the  labs  be  this  practical?  (1408) 

7.  Mechanical:     Used  strobe  as  demo. 

Fluid:     Rate  of  flow  of  siphon  hoses  with  different  cross  sections. 

Electrical:     Used  suggested   lab  as  demo.  (*406) 

9.     Mechanical:     Very  difficult  to   index  FPS  on   the  strobe  by  students. 
^  It  seems  like  there  ought  to  be  a  positive  stop  to   index  the 
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strobe. 

c^luld:     Not  enough  time  to  set  up  equipment  or  do  the   lab.  Time 
Is  a  problem.     Wrong  orifice  for  chart.     Collection  column  is 

not  19".      Error   in  set  up   instructions  -  recommended  pressure 
fo.^  tank  too  high.     Pressure  regulation   too  sensitive  and  no 
instructions. 

Electrical:     Not  enough  time  for  things  as  new  as  oscilloscope. 

Thermal:     Get   to  have  more  time.  (tt38) 

9.     Mechanical:     We  have  just   1  strobe  and   it   is  not  calibrated.      I  took 
an  extra  day  with  class  to  calibrate  the  scope   in  order   to  do  the 
lab. 

Fluid:     Orifice  tube  was  not  available.     No  cross  section  area  or 
diameter  for  orifice  was  given.     New   instructions  came  out   too  late. 
This  type  of   lab  set-up   is  too  complex  for  students   to  set-up  and 
do   in  one  period.  (1^10) 

Thermal:     Type  E  thermocouples  not  available,   used   thermometers.  (HiO) 

10.  Mechanical:      This   lab  generated  more  enthusiasm  and  was  more  fun 

as  well  as  educational   for   the  student.     Howver,   there  wasn't  enough 
content  for  continued  activity. 

Fluid:     We  couldn't  do  this   lab  because  we   lacked  the  equipment.  It 
appears  a  little  complicated  for  a  one  day  lab. 

Electrical:  This  lab  was  the  most  successful  by  far.  It  generated 
a  lot  of  interest  among  the  students.  I  think  the  majority  of  them 
lil'ed  working  with  the  equipment. 

Thermal:     A  good   lab  demonstrating  heat   transfer  and  insulating 
properties.  (tt36) 

11.  MechanicBi:      Good  experiment,   kids  enjoyed   it  and   it  went  smoothly. 
Fluid:     Did  not  have  manometers,   didn't  do. 

Electrical:*    This   lab  was  by  far  the  most   interesting  for  the  kids. 
The  fact  that   they  could  operate  a  difficult   looking   instrument  did 
wonders  for  their  self   image  and  motivation.     My  only  suggestion 
would  be  to  add  at  the  end  an  unknown  wave  from  an  applicable 
source  that  they  would  have  to  determine  period,   amplitude  and 
frequency  for. 

Thermal:     Very  good   lab  but   it's  almost  too  easy  for   the  kids.  How 
sbout  at  the  end  after  ws  have  pooled  the  data  -  we  have  the  kids 
calculate  the  rate  of   heat  flow  or   to  be  more  exact  a  rate  of 
T/Time  for  each   lab  station.      Then   they  should  compare  the  rate-s  to 
the  rate  of   the  control  and  a  pr.jtty  good  discussion  follows.  I 
tried  this  and  was  pleased.  (»37) 

12.  Fluid:     Nothing  but  disaster.     Our  orifice  diameter  is  half  the 
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size  indicated.   Calibration  Tables  A  and  B  are  worthless  -for  a  ,025" 
ori-fice.     There-fore,   Data  Table  2  is  o-f  no  value   in  veri-fying  Data 
Table  3  or  vice  versa.     Because  o-f   the  mistake  we  have  probabiy 
learned  more  about  the  ori-fice  and  -flow  control   than  we  were  sup- 
posed to. 

Thermal:     We  used  3  50-minute  periods  to  cover   the  2   labs  in  order 
to  thoroughly  cover  the  concept.  (1*18) 

13.  Fluid:     Con-fusing.  (tt33) 

14.  Fluid:     Pressure  regulators  and  ori-fice  assembly  were  not  satis- 
-factory.     Very  hare  to  control   air  pressure  without  blowing  the  water 
•from  the  manometers.     Bad  experience  -for  students. 

Thermal:     We  could  only  do  4  stations  because  o-f  only  4  DMM.  Very 
hard  to  have  enough  boiling  water  and  measure     equal   quantities  -for 
all   stations  so  that  the  data  can  be  collected  at  the  same  time. 
Have  students  plot   their  results  since  each  student  cannot  wnrk  at 
every  station.  (M07) 

15.  Mechanical:     Strobes  back  ordered  and  never  arrived.     Replaced  lab 
viith  demo  using  one  available  strobe.     Appeared  to  be  excellent  lab 
with  proper  equipment. 

Fluid:     Took  4  hours  to  set  up.     Students  had   to   learn  how  manometer 
works,    learn  how  air  tank  worked,   develop  a  -feel   -for  very  touchy 
gas  regulator,   decipher  a  poorly   labelled  table,   make   three  runs, 
each  lasting  10-12  minutes,   complete  a  very  complicated  write  up. 
Recommend  replacing  this  one. 

Electrical:     Good   introduction   in  use  o-f  oscilloscope.     Fast  and 
easy  to  set  up  and  take  down.     Kids  enjoyed  using  equipment. 

Thermal:     Time  pressure  prevented  completion.      In  order  to  complete 
testing  o-f  Unit  3  be-fore  Christmas  vacation,   one  class  period  had 
to  be  sacri-ficed  for  Evaluation.     Appeared   to  be  a  signi-ficant  set- 
up  time,   so  this  one  was  it.  <»30) 

16.  Flud:     Vague   instructions.     Time  consuming.      Inaccura^e  results. 
Equipment  di-f-f  icul  t  iea.     Fragile  U-tubes.     No  wacuurn  purnps.     Did  as 
demo. 

Electrical:  Our  -function  generators  -from  S-W  only  produce  square  and 
siine  wave  forma.  (H42) 

17.  Thermal:     Substitution   -   lab  on   "Heat  o-f  Fusion  of   Ice."  <t^05) 
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4 


COMMENTS  FOR  SUMMARY  CLASS 


1.  Seemed  to  be  well  received.     Comments  on  this  unit  were  extremely 
variable,   ranging  from  this  unit  really  sucked  to  it  was  real 
interesting.     The  T-shirts  arrived  and  were  presentd   in  class 
todays     Most  kids  put  them  on   immediately  and  wore  them  all  day 
long.  (»30) 

2.  A  -field  trip  during  the  study  oi  RATE  was  the  highlight  cif  this 
unit.     We  visited  a  plastics  plant  which   incorporates  all  4  systems. 
The  students  observed  how  industry  can,   and  dors,   employ  these 
systems  they  have  been  studying.     From  a  teacher's  viewpoint,  the 
Electrical   and  Thermal  system  subunits  were  the  most  successful.  I 
think  the  students  would  agree  that  they  got  more  out  of  these  two 
also.     On  the  whole,    the  RATE  unit  was  mnre  successful   than  the  pre- 
vious units  on  FORCE  and  WORK.  (**36) 

3.  One  of  the  most  useful  videos  yet.  (4*60) 

4.  Summary  was  very  good.  (M13) 

5.  Overall,   good  unit.      I  enjoyed  teaching  this  one.  (#32) 

6.  The  most  enjoyable  unit  of  the  three  presented.  (tt40) 

7.  Why  can't  units  come  quicker  so  we  can  obtain   lab  equipment?  <4t62) 

8.  A  very  good  prep  for  the  posttest.  (#63) 
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TEXT  COMMENTS  FROM  TEACHER  #12 


Why  resist  th©  use  of  J/sec  along  with  Btu/hr  and 
cal/sec?     Joules  work  in  nicely  with  N  m  in  WORK 
and  M  m/sec   in  RATE  and  make  for  easy  conversions 
in  ENERGY  also.     Then  Watts  make  sense  and  heat 
mechanical  work,    light,   etc.>   all  seem  intercon- 
vertible. 

I   never  read  these  pages.     They're  so  vague  that  I 
sometimes  think  you  use  the  same  page  for  every 
unit.     Either   leave  them  out  or  make  the  information 
more  spec  i  f  ic . 

I  gave  each  student  a  colored  5x7  index  card  on  which 
to  write  all   the  formulas  for  this  unit.     Then  they're 
handy  and  easy  to   look  up.     Punch  hole<s)   to  keep  it 
in  the  binder. 

Hand  out  a  copy  of  the  upper  and   lower  case  Greeek  let- 
ters from  a  physics  text  or  the     Handbook  of  Chemistry 
and  Physics.       Mine  is  from  the  Houghton  Mifflin  phys- 
ics text  for  high  school. 

Table  3-1  conversion  factors  should  go  on  a  separate 
usable  con vers  ion  factor  sheet. 

Our  students  have  taken  Algebra  I,   so  use  of  expo- 
nential notation  was  easy  for  them.     This  can  be  very 
tough  to  teach  to  general  math  students. 

The  strobes  we  ordered  from  S-W  have  no  flashes/sec 
setting.     They  are  very  hard  to  read  accurately  when 
you  have  to  turn  the  knob  back  and  forth  to  "stop" 
the  motion.     Don't  recomuiend  S. 77545.     3.77545-21  is 
easier  to  use  and  cheaper  to  use ,  too. 

We  went  to  our   lA  shop  and  measured  various  rotating 
wheels  and  disks  which  are  part  of   the  machinery 
there.     And  one  of  our  kids  pulled  his  car   in  the 
garage  door  and  showed  us  his  timing  light. 

Cemo  on  angula;    rate  seems  identical   to  the  lab. 

Why  is  the  answer  to  ACTIV1TY2  not  given   in  proper 
scientific  notation? 

Our  trough  wasn't  shaped  like  the  one  shown.  I 

couldn't  figure  our  At  -  (0.596   in^ )    +  (3.625)y 

(4.321)y.     We  used  our  own  method  to  compute  the 
5.rea. 

Step  3,   our  results  were  way  of f -f rustrat i ng  fof/^  a 
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$76.00  piece  of  apparatus. 

We  haven* t  tried  this  lab  again  since  you  sent  an 
equipment  note.     We  had  problems. 

Step  4,     The  whole  tube   isn*t  +   19"    long!  This 
seems  an   incredibly  complex   lab  and   its  point  is 
lost  in  the  hose  clamps  conversion   tables  and  data 
sheets.     What   is  the  point?     When  is  an  outfit  like 
this  used   in  technology?     Our  results  were  very 
poor,  too. 

Wiring  in  voltmeters  and  ammeters  should  have  been 
learned  in  an  earl ier  lab  wi  th  solenoids,  but  as  1 
remember,    it  wasn't  clearly  presented  there. 

This  section  calls  for  a  little  sub-lesson  on  waves 
in  general  and  their  properties  of  frequency,  ampli- 
tude,  wavelength,    and  period. 

Mention  universal   relation  between  frequency  and 
period.     Might  even  mention   the  reciprocal  key 
on  many  calculators.     Given  T  punch  i/x  to  get  f. 

Demo  the  oscilloscope  before  doing  the  math  labo 

This  was  a  very  difficult  section  for  many  stu- 
dents, so  we  did  the  math  lab  and  several  work- 
sheets and  some   individual   time  with  a,  scope. 

Our  oscilloscope  didn't   look  much   like  the  one  on 
page  iOi,   so  I  photocopied  a  page  from  the  manual 
and  gave  each  student  a  copy  large  enough  to  write 
notes  on, 

I  don*t   like  fractions  written  as  volts/div  x  div. 
it's  easier   to  see  where  the  units  go  when  you 
show  it     vg}  ^gf     x  div. 


Those  slahses  are  hard  to  see  sometimes.      They  just 
don't  convey  the   idea  of  divison. 

Demo  A-i5,   you  have  lab  jacks  -for  this? 

Example  3-K  is  a  poor  first  example.     The  first 
sample  problems  should  solve  for  Qh.     You  also  should 
say  at  the  start  that   "5000  Btu"  means  5000Btu/hr. 
It's  explained  under   "solution"   which  we  don't  look 
at  right  away.     We  try  to  work  out  the  problem  first, 
then  we  read  "solution," 

Table  3-21    1   Btu  =  1055  J 

This  table  will  be  useful  in  the  RESISTANCE  unit 
(thermal >  but  it  isn*  t  reproduced  here.  What  is 
given  is  not  as  useful • 


div 


1  find  these  toush  to  teach,  especially  in  as  short 
a  time  as  is  given.  The  ideas  seem  to  require  some 
labs  with  calorimeters   in  ord©r  for  them  to  sink  in* 

We  did  metric  conversions  much  earlier.      Isn't  this 
a  little   late  to  learn  to  convert  meters  to  centi- 
meters and  so  on? 

Is  a  DeWar  really  necessary?     Wouldn't   it  work  okay 
with  an  aluminum  foil^  lined  styrofoam  picnic  cooler? 
The  DeWars  are  around* $400. 00  each.      It  seems  like 
a  pretty  dinky   lab  for  the  money. 

We  used  24V  AC  and   it  took  hours  to  heat  up.  With 
lOV   1  DC  the  t  ime  threatened  to  become   i  nf  i  n  i  te. 

Use  of  cylinder  to  describe  the  Al  plug  was  confu- 
sing to  students.     They  thought  the  DeWar  was  the 
cy 1 inder . 

Data  Table   "Heat  Flow  Rate  Out  Through  Aluminum 
Cyl inder . " 

4-ab  -  Add   "Go  to  «8  and  predict  results."  Then 
later  compare  your  written  predictions  with  actual 
resul ts. 

No  help  (or  useful  questions)  given  in  interpreting 
the  temperature  changes  at  the  bottom  of   the  page. 

Practical   appl i cat  ions? 


PRINCIPLES  OF  TECHNOLOGY 

Unit  4:  RESISTANCE 
Pilot  Test  Findings 


Agency  for  Instructional  Technology 
Box  A 

Bloomington,  Indiana  47402 


Center  for  Occupational  Research  and  Development 
601  C  Lake  Air  Drive 
Waco,  Texas  76710 


AIT 

The  Agency  for  Instructional  Technology  is  a  nonprofit  American- Canadian 
organization  established  in  1973  to  strengthen  education  through  tech- 
nology.   In  cooperation  with  state  and  provincial  agencies,  AIT  develops 
instructional  materials  using  television  and  computers.    AIT  also  acquires 
and  distributes  a  wide  variety  of  television  and  related  print  materials 
for  use  as  major  learning  resources.    It  makes  many  of  these  materials  . 
available  in  audiovisual  formats.    From  April  1973  to  July  1984,  AIT  was 
known  as  the  Agency  for  Instructional  Television.    Its  predecessor  or- 
ganization. National  Instructional  Television,  was  founded  in  1962.  AIT's 
main  offices  are  in  Bloomington,  Indiana. 

CORD 

The  Center  for  Occupational  Research  and  Development  is  a  nr iprofit  or- 
ganization established  to  conduct  research  and  development  activities  and 
to  disseminate  curricula  for  technical  and  occupational  education  and 
training.    CORD  has  developed  over  36,000  pages  of  instructional  materials 
for  technicians  on  14  major  curriculum  projects  in  advanced  technology 
areas.    This  includes  the  Unified  Technical  Concepts  course  on  which 
?AlncLpZu  0^  Tzchnology  is  based.    These  projects  were  sponosred  by  con- 
tracts with  federal  and  state  agencies,  and  by  industrial  support  from 
the  private  sector.    The  products  developed  by  CORD  are  used  in  technical 
institutes,  community  colleges,  vocational  high  schools  and  industry 
training  programs.    CORD  has  been  tailoring  educational  programs  to  meet 
workforce  needs  for  10  years.    The  CORD  office  is  in  Waco,  Texas. 
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INTRODUCTION 


?^ncipZz6  0^  Tec/iKiO  jgy  is  an  applied  science  course  for  high  school 
vocational  students  that  is  being  developed  collaboratively  by  the  Agency 
for  Instructional  Technology  (AIT) >  the  Center  for  Occupational  Research 
and  Development  (CORD) ,  and  a  consortium  of  35  state  and  provincial 
education  agencies  (see  Appendix  A  for  a  list  of  participating  agencies) , 
The  course  consists  of  14  units,  each  focusing  on  a  principle  that  under- 
lies today's  technology.    Each  unit  consists  of  a  student  manual,  a 
teacher's  guide,  hands-on  laboratories,  and  video  programs. 

The  entire  project  is  being  developed  with  the  help  of  a  formative 
evaluation  process  that  systematically  collects  data  from  members  of  a 
special  review  team  (see  Appendix  B) ,  from  consortium  representatives, 
and  from  teachers  and  students  at  classroom-  pilot  test  sites.    The  re- 
view team  reviews  preliminary  drafts  of  the  instructional  materials 
before  they  are  sent  to  consortium  representatives  and  pilot  test  sites. 
Consortium  representatives  review  the  materials  concurrently  with  the 
classroom  pilot  testing.    The  data  from  all  sources  --  review  team/  con- 
sortium representatives,  and  pilot  sites       are  analyzed  and  reported 
to  the  developers,  who  use  these  findings  to  revise  the  materials. 

Thus,  an  important  part  of  the  overall  formative  evaluation  is  a  pi- 
lot test  of  each  unit  in  actual  classroom  settings.    The  primary  pur- 
poses of  the  pilot  test  are:    1)  to  determine  how  well  the  materials  are 
working,  and  2)  to  identify  specific  problems  with  the  materials.  All 
^  pilot  test  teachers  were  oriented  to  the  ?^ncLpZz6  0^  TtckwtoQtj  course 

and  to  the  pilot  test  procedures  at  one  of  two  meetings  held  in  Dallas 
during  the  summer  of  1984. 
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This  report  details  the  findings  of  the  pilot  test  of  Unit  4: 
RESISTANCE.    The  report  makes  some  comparisons  of  these  findings  with 
those  for  Units  1,  2,  and  3,  which  are  contained  in  separate  reports 
(see  "Unit  1:  FORCE-Pilot  Test  Findings,"  December  18,  1984;  "Unit  2: 
WORK-Pilot  Test  Findings,"  March  1,  1985;  and  "Unit  3:  RATE-Pilot  Test 
Findings,"  April  6,  1985) •    Finally,  when  reading  this  report  it's  im- 
portant to  remember  that  the  data  are  formative  data  and  that  the  de- 
velopers are  using  them,  along  with  the  reactions  of  review  team  and 
consortium  representatives,  as  a  basis  for  revising  the  materials. 
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PILOT  TEST  PROCEDURES 

Unit  4  pilot  test  materials  were  mailed  to  the  teachers  in  mid- 
November  1984.    These  materials  consisted  of: 

1)  Pretest/posttests  (see  Appendix  C). 

2)  Computerized  scoring  sheets  for  the  pre/posttests. 

3)  Student  attitude  q^^estionnaires  (see  Appendix  E)  . 

4)  Teacher  questionnaires  (see  Appendix  F) . 

Teachers  administered  the  pretest  before  any  teaching.    As  they  taught 
the  unit,  teachers  recorded  their  reactions  to  the  unit  on  a  detailed 
questionnaire.    At  the  conclusion  of  the  unit,  teachers  administered 
the  same  test  as  a  posttest  and  the  student  attitude  questionnaires. 
All  Unit  4  evaluation  materials  were  then  mailed  back  to  AIT.  Data 
contained  in  this  report  include  all  material  received  by  April  1985. 


ERIC 


240 


-4- 


LIMITATIONS  OF  THE  f^ETHODOLOGY 


Two  major  limiting  factors  must  be  considered  when  the  findings  are 
interpreted:  research  design  and  external  variables  beyond  the  project's 
control. 

RESEARCH  DESIGN  CONSTRAINTS 

Several  factors  in  the  research  design  must  be  considered,  includ- 


*  Lack  of  matched  control  groups. 

The  design  allows  one  to  draw  conclusions  only  about  the  VhJinCAJptU 
0^  TzchnoZogy  course,  but  not  to  compare  these  results  to  other 
comparable  teaching  methods.    The  costs  in  terms  of  time,  resources, 
and  further  administrative  impositions  on  the  pilot  test  schools 
prohibited  the  establishment  of  matched  control  groups.    It's  also 
difficult  to  mate'  VnJjicJjplOM  0^  Tzchnology  to  other  courses.  Would 
they  be  physics  courses  or  vocational  courses?    Thus,  in  addition 
to  the  fiscal  and  administrative  constraints,  the  matching  process 
itself  would  be  problematic. 

*  The  pretest/posttest  format. 

The  same  test  was  used  for  both  the  pretest  and  the  posttest.  The 
effect  that  memory  of  the  preti?st  might  have  on  posttest  performance 
vas  another  concern.    The  issearch  design  addressed  this  concern  in 
vhree  ways: 

1)  Students     »re  not  given  the  correct  answers  to  the  pretest. 
The  ef"^;iCt    ^'memorv  was  limited,  immediately,  to  the  nature  of 
the  questions  without  accompanying  knowledge  of  the  correct 
answers. 

2)  The  postteSw  was  administered  more  tha,i  one  month  after  the  pr'" 
test.    In  the  intervening  time  students  had  many  experiences, 
both  academic  and  personal,  that  would  mitigate  the  effects  of 
memory. 

3)  A  correlated  t-test  was  used  to  analyze  the  pretest/posttest 
data.    This  technique  helps  to  partial  out  any  variance  that 
might  result  from  an  intruding  correlation       in  this  case, 
memory. 

*  The  pretest/posttest  as  an  instriiment  (See  section  on  development  of 
the  insti-ument,  page  7). 

The  test  cannot  measure  all  objectives.    Therefore  objectives  had  to 
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be  sampled.    Also,  the  items  do  not  always  directly  match  the  in- 
tended objectives.    The  test  was  a  cognitive  test.    Many  of  the  ob- 
jectives (particularly  the  lab  objectives)  are  psychomotor  objec- 
tives •    One  must  consider  each  of  these  factors  when  assessing  the 
validity  of  the  instrument.    It's  important  to  remember,  however, 
that  the  test  is  but  one  of  several  means  being  used  to  assess  the 
unit. 

EXTERNAL  CONSTRAINTS 

Some  factors  beyond  the  project's  control  probably  affected  the 
results.    Among  these  factors  are: 

*  Equipment  problems. 

As  with  the  previous  units,  several  teachers  reported  problems  in 
securing  necessary  lab  equipment. 

*  Student  characteristics. 

Teachers  and  students  have  reported  what  appears  to  be  considerable 
variability  in  the  kinds  of  students  in  the  course.    This  variability 
encompasses  students'  academic  backgrounds,  ability  levels,  and 
socioeconomic  levels.    The  project  has  made  no  attempt  to  control 
these  variables. 

*  Teaching  pattern. 

Teachers  report  considerable  variability  in  the  length  of  classes  and 
number  of  class  sessions.    The  project  hai>  made  no  attempt  to  con- 
trol these  situations,  but  has  instead  attempted  to  assess  their  im- 
pact on  the  instructional  outcomes. 

So,  both  research  design  and  external  constraint  must  be  considered 
when  the  results  are  interpreted.    It's  important  to  remember  that  the 
pilot  test  was  designed  as  a  part  of  the  overall  formative  evaluation, 
not  as  rigidly  controlled  research.    Nonetheless,  the  validity  of  the 
various  data  collection  procedures  must  be  considered. 
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SAMPLE 


The  sainple  included  405  students  in  22  sites.    Student  characteris- 
tics included: 

*  Gr^uc"^ 

10  =  11%      11  =  66%      12  =  23% 

*  Sex 

Male  =  85%     Female  ^  15% 
Teacher  characteristics  included: 

*  Physics  background. 

As  with  the  previous  units,  there  was  a  wide  range  in  the  teachers' 
physics  background;  13%  reported  no  college  physics  courses;  17% 
reported  1  college  physics  course;  39%  reported  2-4  college  physics 
courses;  9%  reported  5-7  college  physics  courses;  and  22%  reported 
8  or  more  college  physics  couri;es. 

*  Mathematics  background. 

Almost  all  teachers  (95%)  have  had  2  or  more  college  mathematics 
courses;  several  (50%)  have  had  5  or  more  college  mathematics  courses. 

*  Teaching  pattern. 

Over  half  (64%)  taught  Vhlnciplz^       TzcknoZogy  on  consecutive  days. 
Most  (72%)  taught  sessions  that  were  60  minutes  or  shorter.  Over 
half  (52%)  indicated  that  they  had  combined  several  classes  into  one 
session. 

*  Preparation  time. 

Over  half  (56%)  indicated  they  spent  60  minutes  or  less  preparing  to 
teach  each  subunit  on  RESISTANCE. 

To  ensure  tiniely  reporting  of  the  results  to  the  developers,  arbi- 
trary cut-off  dates  had  to  be  established  for  processing  and  analyzing 
the  data.    Because  several  sites,  for  a  variety  of  reasons  (discussed 
in  detail  in  th^  report  for  Unit  2),  were  taking  longer  than  originally 
anticipated  to  complete  the  units,  the  sample  dwindled  to  about  22  sites. 
Overall,  the  student  and  teacher  demographics  were  similar  to  those  re- 
ported for  Units  2  and  3.  243 

ERIC  missing  data,  the  pre/posttest  student  demographics  don't  match 

ma^ta  the  student  attitude  demographics. 
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/  PRETEST/POSTTEST  AS  AN  INSTRWENT 

To  understand  the  results,  one  must  first  understand  the  character- 
istics of  the  test  as  a  measurement  instrument,  including  the  process  by 
which  the  test  was  developed  and  what  statistical  analysis  reveal  about 
the  reliability  and  validity  of  the  instrument. 

Over  60  test  questions  were  initiated  at  CORD  by  the  content  special- 
ists.   In  a  collaborative  process  between  evaluators  and  content  special- 
ists these  questions  were  pruned  and  revised  to  the  eventual  36  ques- 
tions.   Each  item  is  tied  as  directly  as  possible  to  a  specific  objec- 
tive from  Unit  4.    However,  it's  impossible  to  match  items  exactly  to 
some  objectives  because  of  the  way  those  objectives  are  worded  ("recog- 
nize," "define,"  etc.).    It's  important  to  remember  that  the  instrument 
is  attempting  to  measure  manifestations  of  learning,  and  the  approxi- 
mations of  objectives  are  often  the  best  that  cognitive  test  developers 
can  do.    With  only  36  items,  not  all  objectives  could  be  tested.  There- 
fore, objectives  had  to  be  sampled.    Generally,  priorities  for  this 
sampling  were  determined  based  on  the  relative  importance  of  the  con- 
cepts.   (Appendix  C  lists  the  objective  each  item  is  intended  to  address 
above  the  item.) 

So,  is  it  a  "good"  test?    Generally,  instruments  are  judged  based 
on  reliability  (consistency,  accuracy,  dependability)  and  validity 
(roughly,  is  it  measuring  what  you  think  it's  measuring?).    The  relia- 
bility (Spearman-Brown  test  of  internal  consistency)  of  this  instrument 
is  .87,  which  is  acceptable  by  most  standards.    Validity  is  a  bit  more 
complicated  to  judge.    A  factor  analysis  of  the  instrument  indicated 
that  almost  all  items  were  related  to  discrete  factors*    This  is  expec- 
ted, because  most  items  afje'tied  to  separate  objectives.    Readers  are 
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encouraged  to  make  their  own  judgments  about  the  validity  of  the 
instrument.    Pertinent  questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  4  instruction? 
It  should  be  pointed  out  that,  in  examining  the  pretest/posttest 

results  for  each  of  the  first  three  units,  the  developers  and  evaluators 
encountered  a  few  items  in  each  unit  (no  more  than  3  per  unit)  that  they 
considered,  for  various  reasons,  to  be  poor  items.    Of  course  there  is 
always  wisdom  in  hindsight.    Ideally,  each  of  these  instruments  would  it- 
self be  pilot  tested.    However,  the  project's  schedule  precludes  the 
luxury  of  pilot  testing  the  instrumentation.    Therefore,  even  with 
careful  planning,  it's  probably  inevitable  that  a  few  poor  itenis  will 
be  included  in  each  test. 
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PRETEST/POSTTEST  RESULTS 

Several  di£"^erent  analyses  of  the  pretest/posttest  have  been  con- 
ducted.   The  reader  should  keep  in  mind  that  all  reported  numbers  are 
mean  scores  on  the  test,  which  contained  36  items. 
MEAN  DIFFERENCES 

The  overall  pretest  mean  was  16.41.    The  overall  posttest  mean  was 
24.42.    This  increase  was  statistically  significant  (correlated 
t-test)  at  the  .01  level. 

The  level  of  statistically  significant  leaming  gain  (.01)  is  con- 
sistent with  the  gains  shown  for  Units  1-3.    Table  1  compares  the 
pretest/posttest  scores  for  Units  1-4. 

Table  1 

Number  of  Items  Pretest  Mean  (%  correct)  Posttest  Mean  (%  correct) 

30  12.5  (41%)  20.1  (67%) 

33  13.6  (41%)  17.6  (53%) 

30  14.9  (49%)  19.4  (65%) 

36  16.4  (46%)  24-4  (68%) 

Thus,  Units  1,  3,  and  4  had  fairly  consistent  pretest  and  posttest 
scores  in  terms  of  percentage  correct;  Unit  2  was  somewhat  lower. 
INDIVIDUAL  ITEMS 

For  each  unit  the  project  team  has  established  criteria  for  accept- 
able performance  on  each  test  item.    These  criteria  includec?  either: 

1)  70%+  correct  on  an  item  or 

2)  doubling  of  pretest  score  on  the  posttest. 

In  examining  the  Unit  4  items  against  these  criteria,  the  results  are: 

70%+  or  doubling  of  percentage  correct  -  1,  2,  4,  5,  6,  7,  10,  11, 
12,  13,  16,  17,  19,  20,  21,  23,  24,  26,  27,  28,  30,  32,  34,  35,  36 

Less  than  70%  and  no  doubling  of  percentage  correct  -  3,  8,  9,  14, 
15,  18,  22,  25,  29,  31,  33 

In  this  formative  evaluation  effort  designed  to  improve  the  materials, 
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it  has  proved  particularly  useful  to  examine  the  content  of  the  items  on 
which  students  performed  poorly.  First,  let*s  examine  the  items  accord- 
ing to  subunits* 

Mechanical  —  Three  of  six  items  did  not  meet  criteria. 
Fluid  —  Two  of  seven    items  did  not  meet  criteria. 
Electrical  —  Two  of  eight  items  did  not  meet  criteria. 
Thermal  —  Two  of  six  items  did  not  meet  criteria. 
Overview  —  Three  of  nine  items  did  not  meet  criteria. 

Thus,  students  performed  least  well  on  the  mechanical  and  thermal  sub- 
units. 

In  the  kinds  of  items  on  which  students  performed  poorly,  there  con- 
tinues to  be  consistency  from  the  first  three  units.    These  items  in- 
cluded: 

1)  Selected  terms.    Both  mechanical  and  thermal  subunits  had  some 
terms  that  seemed  to  cause  students  trouble. 

2)  SI/English  units.    These  have  been  troublesome  items  for  students 
on  each  of  the  first  four  units. 

3)  Mathematics  items.    Again,  through  the  first  four  units, 
students  have  exhibited  ongoing  problems  with  items  that  require 
ma^iipulation  of  formulas. 

Students  performed  satisfactorily  on  items  related  to  the  unites 

broad  concepts.    However,  the  detailed  terms,  units,  and  mathematical 

computations  caused  students  the  most  problems. 
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PRETEST/POSTTEST  BY  SELECTED  VARIABLES 

The  impact  of  several  variables  on  students'  test  performance  was 
examined,  including: 

1)  Student  characteristics. 

a)  sex 

b)  grade 

2)  Teaching  pattern. 

a)  consecutive  days 

b)  leL^th  of  class  periods 

c)  combined  activities 

3)  Teacher  background. 

a)  physics  background 

b)  mathematics  background 

These  variables  were  analyzed  with  an  analysis  of  covariance,  which  con- 
trolled for  pretest  scores.    Table  2  examines  the  results  of  this  analysis; 
all  means  reported  in  Table  2  are  for  the  posttest. 
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Table  2  ^ 


Main  Effect                      Level  of  Significance              Subset  Mean  Score 

Sex                                                               .02                     Boys  (325)  24.37 

Girls  (49)  25.37 

Grade                                                               .25                      10th  (39)  23.54 

nth  (243)  24.67 

12th  (89)  24.39 

Teaching  on  consecutive  days                         .04                     yes  (284)  24.80 

no  (121)  23.66 

Minutes  per  class                                            .08                      LT50  (243)  24.22 

50-60  (55)  26,53 

60-90  (26)  24.54 

90+  (81)  23.74 

Combining  sessions                                         .01                     yes  (96)  27.53 

no  (•^09)  23!50 

Teacher's  physics  background                          .04                     No  classes  (72)  23.71 

1  class  (71)  25.45 

2-4  classes  (177)  23.42 

5-7  classes  (22)  25.86 

7+  classes  (63)  26.62 

Teacher's  mathecatics  background  .01  No  classes  (--)   

1  class  (16)  11.31 

2-4  classes  (253)  24.90 

5-7  classes  (66)  23.68 

7+  classes  (70)  26.61 
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PRETEST/POSTTEST  RESULTS  BY  SITE 


The  attached  graph  (Appendix  D)  indicates  the  pretest/posttest  re- 
sults by  site.    All  twenty-two  sites  showed  statistically  significant 
(.CI  level)  increases.    Table  3  examines  the  number  of  sites  showing  no 
statistically  significant  gains  for  each  of  the  first  four  units. 

Table  3 


Unit  Sites  Showing  No  Significant  Gains 

1  1 

2  4 

3  4 

4  0 


These  findings  are  very  interesting.    At  this  time  there  appear  to  te 

several  plausible  explanations  for  the  steady  increase  in  sites  showing 

no  significant  learning  gains  until  Unit  4,  at  which  point  there  is  a 

dramatic  drop  in  the  sites  showing  no  significant  gains.  Possible 

explanations  include: 

Variance  may  be  caused  by  the  tests.    Some  may  be  more  difficult 
than  otht^rs. 

--  Random  variance. 

Teachers  may  be  becoming  more  comfortable  and  adept  at  teaching 
the  material. 

--  There  may  be  transfer  of  learning  across  ':-he  first  four  units. 

—  The  school  schedule.    It  seems  likely  that  Units  2  and  3  had 
longer  intervals  from  pretest  to  posttest  because  of  holidays. 

—  A  combination  of  the  above  factors. 

The  first  four  units  make  up  less  than  a  third  of  the  two-year  course; 
it  will  be  interesting  to  see  the  results,  by  site,  for  subsequent 
units.  ' 
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STUDENT  ATTITUDE  FINDINGS 


The  student  attitude  findings  (Appendix  E)  indicated: 


"  The  majority  of  students  (68%)  liked  the  RESISTANCE  unit  either 
a  lot  (15%)  or  a  little  (53%),    \flien  compared  to  the  first 
three  units.  Unit  4  ranks  third  in  terms  of  student  appeal  (80% 
indicated  they  liked  Unit  1;  76%  indicated  they  liked  Unit  2; 
62%  indicated  they  liked  Unit  3),    It  seems  reasonable  to  ex- 
pect that,  as  the  novelty  of  the  course  wears  off,  the  student 
appeal  ratings  will  decrease  before  stabilizing,  v/hich  seems  to 
have  happened  through  the  first  four  units. 

The  most  appealing  components  were  the  hands-on  labs  (33%)  and  the 
video  programs  (29%).    These  were  also  the  most  appealing  com- 
ponents for  the  first  three  units. 

--  The  least  appealing  components  were  the  math  labs  (28%)  and  the 
written  materials  (24%).    Again,  these  were  also  the  least  appeal- 
ing components  for  the  first  three  units. 

—  Over  half  said  some  (49%)  or  most  (11%)  of  the  material  was  dif- 
ficult for  them  to  understand.    The  percentage  of  students  who 
indicated  that  most  of  the  material  was  difficult  for  them  to 
understand  (11%)  was  lower  than  for  Unit  3  (18%)  and  only  slight- 
ly higher  than  for  the  first  two  units  (8%  for  each). 

~  As  they  did  with  Unit  3,  students  indicated  that  the  most  dif- 
ficult components  for  them  to  understand  were  the  written  material 
(30%)  and  the  math  labs  (27%).    They  indicated  that  the  least 
difficult  components  for  them  to  understand  were  the  video  pro- 
grams.    (Note:    Items  addressing  the  perceived  difficulty  of 
the  components  were  not  included  for  Units  1  and  2.) 

—  Most  students  (80%)  indicated  they  thought  the  material  in  the 
RESISTANCE  unit  was  important  for  them  to  understand;  this  was 
about  the  same  percentage  as  for  Unit  3  (77%)  but  lower  than  for 
Units  1  (88%)  and  2  (87%) . 

Thus,  the  attitude  findings  for  Units  3  and  4  have  stabilized  at 

a  somewhat  lower  level  than  they  were  for  Units  1  and  2.    It*s  likely 

that  the  extremely  positive  attitude  findings  for  the  firs    two  units 

reflected  the  novelty  of  the  coruse.    Nonetheless,  the  overall  attitude 

results  for  Unit  4  could  certainly  still  be  classified  as  positive. 
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TEACHER  RESULTS 

/   


Questionnaires  were  received  from  26  teachers  (due  to  team  teaching, 
the  number  of  sites  and  the  number  of  teachers  are  not  equal) .  Appendix 
F,  which  lists  the  detailed  teacher  comments,  should  be  examined  carefully, 
because  the  wealth  of  data  contained  in  these  comments  is  difficult  to 
encapsulate.    Overall,  the  teacher  findings  included: 

*  Teacher  comfort. 

Almost  all  teachers  (92%)  indicated  that  they  felt  comfortable 
teaching  the  material  in  the  RESISTANCE  unit. 

*  Time 

Most  (84%)  indicated  that  the  6-day  plan  of  50-minute  class  ses- 
sions per  subunit  is  a  realistic  time  allotment.    Some  of  the 
teachers  indicated  that  some  of  the  hands-on  labs  required  more 
than  50  minutes  to  set  up,  conduct,  and  discuss.    This  is  con- 
sistent with  the  findings  for  the  first  three  units. 

*  Student  reading. 

Many  (72%)  indicated  that  their  students  may  not  be  doing  the 
assigned  readings  at  home.  This  is  a  disturbing  finding  and 
is  consistent  with  what  teachers  (67%)  reported  for  Unit  3. 

*  Unit  4  compared  to  Units  1-3. 

Most  teachers  (74%)  indicated  that  Unit  4  was  about  the  same  as 
Units  1-3.    The  rest  of  the  teachers  were  evenly  divided;  13% 
indicated  that  Unit  4  was  bet-ter  than  Units  1-3  and  13%  indicated 
that  Unit  4  was  worse  than  the  first  three. 

*  Teacher's  guide , 

Although  most  teachers  (74%)  thought  the  teacher's  guide  pro- 
vided them  with  enough  information  to  implement  the  unit  suc- 
cessfully, several  (28%)  said  the  guide  probably  did  not  contain 
enough  information.    Generally,  those  teachers  commented  that  the 
guide  should  contain  more  details  on  problems  presented  in  the 
text  and  on  "how  to  set  up  the  labs.'' 

*  Appropriateness  for  students. 

Generally,  teachers  tended  to  indicate  that  each  day  of  instruc- 
tion was  appropriate  for  their  students.    For  the  videos  and  C1/C2 
days  of  instruction  they  were  often  unanimous  in  their  responses. 
The  majority  indicated  that  the  math  labs    and  hands-on  labs  were 
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appropriate  for  their  students,  but  some  (10-15%)  indicated 
that  they  were  not«    Two  exceptions  to  this  finding  were  the  two 
electrical  hands-on  labs;  teachers  were  unanimous  in  considering 
these  labs  appropriate  for  their  students. 

*  Problems. 

To  the  question,    "IVhat,  if  anything,  caused  you  the  most  prob- 
lems in  teaching  the  unit  on  RESISTANCE?"  twenty-one  teachers 
responded.    The  problems  reported  included: 

—  Hands-on  labs,  lack  of  equipment,  etc.    (10  teachers) 

—  Need  for  more  detail  in  the  teacher's  guide  (2  teachers) 

—  Students'  ''unwillingness  to  do  any  preparation"  (2  teachers) 
Trying  to  "get  students  to  relate  subject  from  text"  (1  teacher) 

—  "Variables  used  for  different  forces  are  different  than  those 
in  most  physics  texts"    (1  teacher) 

Overall,  these  findings  are  consistent  with  the  findings  for  Units 
1-3.    The  hands-on  labs  continue  to  cause  teachers  the  most  problems. 
However,  teachers  continue  to  affirm  the  appropriateness  of  most  of  the 
material  for  their  students.    Finally,  many  specific  recommendations  for 
changes  are  contained  in  the  teacher's  comments;  these  are  carefully  ex- 
amined by  the  developers. 
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CONCLUSIONS 


Again,  it  is  important  to  remember  that  the  entire  pilot  test  is 
part  of  the  overall  formative  evaluation  process.    Data  are  being  col- 
lected from  the  consortium  review  team,  consortium  representatives,  and 
from  teachers  and  students  at  the  pilot  test  sites*    These  data  are  then 
used  as  a  basis  for  revising  the  materials.    Certainly  this  report  con- 
tains much  useful  information.    Some  of  the  key  findings  include: 

1)  Overall,  a  statistically  s.i;jnificant  (.01  level)  learning  gain 
took  place.    This  learning  gain  was  independent  of  students* 
grade . 

2)  Students  performed  most  poorly  on  test  items  dealing  with 
mathematics  and  SI/English  units.    These  types  of  items  have 
also  proved  troublesome  to  students  on  the  first  three  units. 

3)  Student  attitudes  were  generally  positive.    The  attitude 
findings  for  Units  3  and  4  were  very  comparable,  neither  being 
as  high  as  the  attitude  findings  for  Units  1  and  2. 

4)  Teachers  affirmed  the  appropriateness  of  most  of  the  material 
for  their  students.    Again,  this  is  consistent  with  the 
findings  for  the  first  three  units. 

5)  Teacher's'  comments  indicated  that  the  most  problems  were  encoun- 
tered with  the  hands-on  labs.  Again  this  is  consistent  with  the 
findings  for  the  first  three  units. 

6)  Teachers  recommended  many  specific  changes. 

With  this  much  information  to  report,  it  is  difficult  to  arrive  at 
a  "bottom  line."    Certainly,  much  in  this  report  suggests  the  need  to 
revise  the  Unit  4  material.    However,  when  taken  in  sum,  the  data  sug- 
gest that  the  revision  should  probably  be  in  the  spirit  of  a  "tune-up" 
rather  than  a  major  overhaul. 
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Appendix  A 

Participating  Agencies 

Alaska  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

Arkansas  Scate  Department  of  Education 

Vocational  and  Technical  Education  Division 

California  State  Department  of  Education 
Division  of  Vocational  Education 

Florida  Departi..2nt  of  Education 

Division  of  Vocational  Education  and  Office 
of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 
Department  of  Adult,  Vocational  and 
Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

^'ansas  State  Department  of  Education 

Community  College  and  Vocational  Education 
Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 

Maine  State  Department  of  Educational  and 
Cultural  Services 

Bureau  of  Vocational  Education/Division 

of  Program  Services 

Maryland  State  Department  of  Education 

Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 
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Minnesota  Special  Intermediate  School 

District  916  ^ 

Mississippi  State  Department  of  Education 
Vocatioaal-Technical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

North  Carolina  State  Department  of 
Public  Instruction 

Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational 
Education 

Ohio  Department  of  Education 

Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

TVOntario 

Oregon  Department  of  Education 
Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

South  Carolina  Department  of  Education 
Office  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  of  Education 

Division  of  Adult  and  Vocational-Technical 
Education 

Virginia  Department  of  Education 
Vocational  and  Adult  Education 

West  Virginia  State  Department  of  Education 
Bureau  of  Vocational,  Technical  and  Adult 
Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  Vocational  Education 
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Appendix  B 
Review  Team 


Jon  E.  Buschke,  Technical  Instructor 
Intel  Corporation 

Mr,  Dick  Ca-^ssel 

Pennsylvania  Department  of  Education 

Dr.  Joe  Exline,  Associate  Director,  Science  Services 
Virginia  Department  of  Education 

Dr.  Darrel  Parks,  Executive  Director,  Vocational  and  Career  Education 
Ohio  Department  of  Education 

Mr.  Robert  Patton,  Department  of  Vocational  Education 
Oklalioma  Department  of  Education 

Dr.  Philip  Rollain,  Consultant,  Department  of  Vocational  Education 
North  Carolina  State  Department  of  Public  Instruction 


Ms.  Margaret  Sentif,  Hinds  Junior  College,  Rankin  Center 
Pearl,  Mississippi 

Mr.  Don  Torney 
TVOntario 

Mr.  Jim  Wilson,  Assistant  Superintendent,  Coordinator  of  High-Tech  Center 
The  Francis  Tuttle  Vc-Tech  Center,  Oklahoma 
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All  numbers  in  %  -22- 

Number  above  item  is  .        j-  n 

,  .    ^.  .     J  Appendix  C 

objective  item  is  de-  '^'^ 

signed  to  address    ^ 

f,4o5  PRINCIPLES  OF  TECHNOLOGY 

Unit  IV:  Resistance 
Student  Test 


0-2 

1.    In  each  of  the  4  energy  systems,  resistance  involves: 


13      4  a.    a  decrease  in  heat  energy 

44     83        *  b.    a  force  or  force-like  quantity  divided  by  a  rate 
19       7  c*    a  force  or  force-like  quantity  multiplied  by  a  rate 

23       7  d.    a  displacement  or  displacement-like  quantity  divided  by  time 

0-1 

In  the  left  column  are  descriptions  that  may  or  may  not  involve  one  of  the  types 
of  resistance  listed  in  the  right  column.    On  your  answer  sheet,  fill  in  the  let- 
ter of  the  type  of  resistance  that  corresponds  to  the  numbered  description, 

leramic  tile  on  the  space  shuttle  A.    Mechanical  system  resistance 


C,  Electrical  system  resistance 

D.  Thermal  system  resistance 


0-1 

In  electrical  energy  systems 
overcome  resistance  is: 

a.  electrical  conductivity 

*b.  voltage  difference 

c.  current 

d,  a  semi-conductor 


79 

91 

a:. 

30 

58 

B3. 

79 

94 

A4  w 

O  / 

Q  ^ 

DO  • 

68 

87 

05. 

17 

36 

A7. 

8. 

20 

6 

38 

62 

35 

30 

8 

3 

9. 

13 

10 

15 

26 

29 

15 

43 

50 

l$lfi^ch  of  the  units  below  is  not  a  unit  of  resistance? 

a.  Ib/m 
gal/min 

*  b.  kg/m 

litCT'Sec 


c.  C 


o 


kcal/hr 

d.  ohm>cm>cm 

2 
cm 

M-1 

10.    The  two  types  of  resistance  in  mechanical  energy  systems  are: 

17  9  a.    normal  force  and  coefficient  of  friction 

13  4  b.    static  friction  and  insulation 

58  82  ^'^^8  ^'^^  friction  Oro 

13  6  surface  area  and  surface  roughness 

gR^C  (See  back  of  page  for  questions  11-17) 


Pre  Post 

11.  Drag  force  on  solid  objects  moving  through  fluids 

r 

12  10  a.  increases  with  increase  of  the  object's  speed 

13  3  b.  is  higher  in  liquids  than  in  gases 

22     13  c.  usually  decreases  with  streamlining  of  the  object 

53     74  *d.  all  of  the  above 

12.  Dry  friction  depends  on  the  force  that  presses  two  surfaces  together  and  on 

17  8  a.    the  area  of  the  two  materials  in  contact  wich  each  other 

18  5  b.    the  speed  at  which  the  two  sui^aces  move  pas^  each  other 

16  40        *c.    the  type  of  material  of  which  the  two  surfaces  are  made 
49     48  d.    all  of  the  above 

M-3 

13.  Kinetic  friction  is  always   static  friction.. 

25     59         *a.    less  than 
42     35  b.    greater  than 

15       3  c.    equal  to 

17  4  d.    sometimes  greater  than,  sometimes  less  than 

M-5 

14.  A  plastic  box  weighing  100  lbs  will  initially  start  to  slide  on  a  metal  truck 
bed  when  a  push  of  50  lb  is  applied.    IVhat  is  the  coefficient  of  static  fric 
tion  for  plastic  on  metal?    (Remember  f  =  yN) 


9 

3 

a. 

0.80 

4-' 

56 

*b. 

0.50 

3" 

56 

c. 

2.0 

xO 

5 

d. 

l.S 

M-5 

15.  A  large  crate  weighs  300  newton^.  The  coefficient  of  kinetic  friction  for 
this  crate  moving  on  a  wood  surface  is  0.5.  The  force  needed  to  initially 
start  the  plate  moving  on  the  wood  surface  is:    (Remember  f  =  yN) 

41      56  a.    150  N 

27     49        *b.    a  little  greater  than  150  N 
16       7  c.    a  little  less  than  150  N 

16       9  d.    not  enough  information  given  to  determine 

F-2 

16.  When  fluid  layers  swirl  and  mix  among  themsel ^es  while  flowing  in  a  pipe, 
the  flow  is 


9 

2 

a. 

streamlined 

12 

7 

b. 

laminar 

60 

86 

*c. 

turbulent 

19 

5 

d. 

both  a  and  b 

F-8 

17.    Which  of  the  collowing  factors  contribute  to  fluid  resistance  in  a  pipe? 

10       3  a.  cross-sectional  area  of  the  pipe 

6  b.  length  of  the  pipe 

12       3  c.  type  of  fluid  moving  through  thr  piv 

66     88  *d.  all  of  the  above 
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F-4 

18.  A  2S-ft  long  water  hose  has  a  flow  rate  of  4  gal/min  with  a  pressure  drop 

2 

ot  10  lb/ in  •  If  another  identical  hose  is  connected  to  the  first  hose, 
and  the  total  pressure  drop  across  the  combined  50  ft  length  remains  the 
same,  the  flow  rate 

33     24  a.    will  be  the  same 

41  62  *b.  will  decrease 
23     12  c,    will  increase 

(l)  .        F-9  . 

19.  Resistance  in  a  pipe  may  be  decreased  and  flow  rate  increased  by 

22      12  a.    avoiding  sharp  bends  and  choosing  valves  and  fittings  carefully 

15       3  b.    avoiding  scale  deposit  through  treatment  or  material  selection 

12       4  c.    heating  viscous  liquids  to  aid  iv  flow 

51      81        *d.    all  of  the  above 
F-6 

20.  What  is  the  fluid  resistance  in  a  pipe  when  the  flow  rate  is  36  gal/min 

2 

and  the  pressure  difference  across  the  pipe  length  is  4  lb/in  ?    (Rp  =  AP/Q^) 

0.11  Ib/in^ 

gal/min 
«  2 


19 

43 

*a. 

30 

17 

b. 

24 

16 

c. 

gal/min 
0.11  gal/min 
Ib/in^ 

27     24  d.    9  gal/min 

Ib/in^ 
4F1-3  (lab) 

21.    The  graph  below  shows  the  pressure  drop  versus  the  volume  flow  rate  for  pipes 
A  and  B.    On  your  answer  sheer  indicate  which  pipe  has  the  higher  fluid 
resistance.  AP 

43  69  *a.  pipe  A 
56  b.    pipe  B 


F-8 

22.  Fluid  resistance  in  a  pipe 

21      13-  a.    decreases  as  the  pipe's  length  increases 

41     68  *b.    increases  as  the  pipe's  cross-section  gets  smaller 

28      14  c»    decreases  as  the  fluid's  viscosity  increases 

10.      5  does  not  depend  on  the  nature  of  the  pipe's  inner  surface 

E-1 

23.  Electrical  resistance  opposes  in  electrical  systems. 

20  11  ^*  heat  energy 

Ij  3  b.  insulation 

58  80  *  ^*  cJ^-a^ge  flow 

5  2  ^-  fluid  flow  260 

Q  "%  marked  d,  which  was  not  an  option 

(See  back  "of  page  for  questions  24-30) 
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E-3 

24.    A  correct  statement  c£  Ohm*s  Law  in  equation  form  is 


21      10  a.    AV  =  R/I 

-20       8  b.    R  =  (AV)  X  I 

41     76  *c.    R  =  (AV)/I 

18       6  d.    I  =  (AV)  X  R 

E-5 

25»    The  resistance  of  a  piece  of  wire  does  not  depend  on 

12       5  a.    wire  .material 

35     64  *b»    wire  mass 

26      13  c.    wire  length 

26     18  d.    wire  cross-sectional  area 

E-6 

26.  The  resistivity  of  a  piece  of  wire  depends  oa 

48     71  *a.    wire  material 

18     12  b»    wire  maCfJ 

21       9  c.    wire  length 

17       9  d.    wire  cross-sectional  area 

E-4 

27.  The  resistance  in  a  circuit  is  20  ohms.    The  voltage  difference  across 
the  resistance  is  iOO  volts.    What  is  the  current    through  the  resis- 
tance?   (Remember  R  =  AV/I) 


19      12  a.    2000  amps 

"l5       4  b.    120  amps 

16       5  c.    80  amps 

49      80        *  d.    5  amps 
E-2 

28.    In  an  electrical  system,  voltage  difference  is 


14 

4 

a. 

a  true  force 

55 

77 

*  b. 

a  force- like  quantity 

17 

11 

c. 

a  rate 

13 

8 

d. 

an  ohm 

E-4;  4E2-1  (lab) 

29.  A  12-volt  source  is  placed  across  two  resistors  in  parallel.  If  the 
resistors  have  values  of  4  ohms  and  8  ohms,  the  total  current  in  the 
circuit  is 


Z7     33  a.    1  amp 

19       9  b.    1.5  amps 

31      20  c.    3  amps 

23      38         *  d.    4.5  amps 
E-9 

30,    Copper  wire  and  solder  are  each  classified  as 


67 

86 

*a. 

conductors 

4 

b. 

insulators 

11 

4 

c. 

resistors 

12 

7 

d. 

semiconduccors 
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T-1,  6 

31,    A  defining  equation  for  thermal  resistance  is 


17  10  a.  Rj.  =  AP/Qy- 

23  9  b.  =  AV/I 

41  68  ^c.  =  ^T/Qh 

17  14  d.  Rj.  =  kMT/£ 


T-1 

32.    Thermal  resistance  is  the  opposition  to  flow  of 


19     44         ^.    thermal  energy 
24      10  b.  molecules 

16      11  c,  temperature 

40     35  d.    all  of  the  above 

T-3 

33.  The  thermal  conductivity  for  a  given  material  is  a  constant  value.  It 
depends  on 

21      19  a.    thickness  of  material 

43     66        *b.    type  of  material 

27      11  c.    temperature  difference  across  the  material 

9       4  d.    surface  area  of  the  material 

T~10 

34.  In  the  equation  for  heat  flow,  Q^^  =  kM^T/i,   thermal  conductivity, 

area  or  temperature  will  increase  the  heat  flow  rate. 

^3     73  *a.  increasing 

34      25  b.  decreasing 

T-10 

35.  In  the  equation  for  heat  flow,  Qy  =  kMT/Z,  increasing  thickness  will 

heat  flow  rate. 


6     16  a*  increase 

62      81  *b.  decrease 

T-8 

36.    The  higher  the  R- value  rating  for  a  thermal  material,  the   is 

it's  insulating  effect. 

® 

^6     87         *a.  greater 
26      12  b.  less 


—  13%  marked  C  or  J)^  which  were  not  options 

—  13%  marked  C  or  D,  which  were  not  options 

—  8%  marked  C  or  0,  which  were  not  options 
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32 
31 
30 
29  - 
28 
27 
26 
25 
24-  H 
23 


21 

20 

1  9 

18 

17 

16 

15 

1  A- 

13 

12 

1  1 
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40 


38  11 


1     I  r 

5     18  42 


I 

I 


13 


6     36  17 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  4:  RESISTANCE 
STUDENT  ATTITUDE  QUESTIONNAIRE 

Sex:   15    Female     ^85_  Male 

Grade:   9  10  11  12 

1.  Overall,  did  you  like  the  unit  on  RESISTANCE? 

15  yes,  a  lot  21  no,  not  very  much 

TTyes,  a  little  Ji^o» 

2.  IVhat  component  did  you  like  most  in  the  RESISTANCE  unit? 

3  the  written  material  33  the  hands  on  labs 
20  the  video  programs  23  no  preference 
 6^  the  math  labs  6  =  more  than  1 

3.  IVhat  component  did  you  like  least  in  the  RESISTANCE  unit? 

24  the  written  material   7_  the  hands  on  labs 

5  the  video  programs  27  no  preference 

28  the  math  labs  8  =  more  than  1 

4.  Overall,  was  the  material  that  was  covered  in  the  RESISTANCE  unit  dif- 
ficult for  you  to  understand? 

11  yes,  most  of  the  material  was  difficult  for  me  to  understand 
49  yes,  some  of  the  material  was  difficult  for  me  to  understand 
40  no,  most  of  the  material  was  not  difficult  for  me  to  understand 

5.  IVhich  component  of  the  RESISTANCE  unit  was  the  most  difficult  for  you  to 
understand? 

30  the  written  material   3__  the  hands  on  labs 

9  the  video  programs  25  no  component  was  particularly  dif 

27   the  math  labs  ficuxt 

8  =  more  than  1 

6.  IVhich  component  of  the  RESISTAJMCE  unit  was  the  least  difficult  for  you  to 
understand? 


5   the  written  material 
44   the  video  programs 
14   the  math  labs 

7,    Do  you  think  the  m?terial  in  the 
understand? 


18   ''he  hands  on  labs 
14   all  components  were  equally  dif- 
ficult 
5  =  more  than  1 
RESISTANCE  unit  is  important  for  you  to 


55  yes,  very  important  3 1   no ,  not  verv  important 

47  yes,  S'-^^rt  of  irportant  o  no,  not  at  all  important 

8.    Do  you  have  any  comments  about  the  RESISTANCE  unit? 
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all  #s  in%'  ^PP^'^^i^  P 

PRINCIPLES  OF  TEfJINOLOGY 
UNIT  IV:  RESISTANCE 
TEACHER  QUESTIONNAIRE 


1.    What  did  you  like  most  about  the  RESISTANCE  unit? 
See  attached  comments 


2.    What  did  you  like  least  about  the  RESISTANCE  u  it? 
See  attached  comments 


3.    Overall,  how  would  you  compare  the  RESISTANCE  unit  to  units  1,  2,  and  3 
15    better     74^  about  the  same     13  worse 
if  worse,  why? 
See  attached  comments 


4.  In  terms  of  their  overall  impact  (instructional  effectiveness,  student 
interest,  manageability)  rank  each  of  the  components  of  the  RESISTAfJCE 
unit  using  the  folloKing  scale: 


A  =  Excellent 
B  1  Good 
C  =  So-so 
D  =  Poor 
E  =  Terrible 


Place  the  letter,  corresponding  to  your  ranking,  next  to  each  component 

A=12;B=46;C=17 

A=24;B=68;C=  8 student  handbook  D=17;E=^  hands  on  labs 

A=40;B=44;C=12;D5_ivi>v-os  A=20;B=16;C=1£.  teacher's  guide 

^=  4:B=59:C=44:D=  4 math  labs 
E=9 

Please  explain  any  C,  D,  or  E  rankings  and/or  list  any  other  comments 
you  have  about  the  components: 


See  attached  comments 


5.    Which  of  your  students  seem  to  be  the  most  successful  with  the, Unit 
IV  material? 

72  above  average     28  average   below  average 

Er|c  2GG 

See  attached  comments 
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Based  on  your  experiences,  do  you 
of  50-minute  class  sessions  is  re; 

46  yes,  definitely 

38  yes,  probably 

If  no,  please  explain: 

See  attached  comments 


think  the  6-day  plan,  per  sub-unit, 
listic  for  the  RESISTANCE  sub-units? 

8    no,  probably  not 

8 no,  definitely  not 


On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class 
in  the  unit  on  RESISTANCE? 

24   0-30  minutes   91-120  minutes 

32  31-60  minutes  4   121-180  minutes 

36  61-90  minutes  4   131  or  more  minutes 

Comments : 

See  attached  comments 


Overall,  did  you  feel  comfortable 
on  RESISTANCE? 

60  yes,  very  comfortable 

32   yes,  sort  of  comfortable 

If  no,  pleac-e  specify: 

See  attached  comments 


teaching  the  materials  in  the  unit 

_8     no,  not  very  comfortable 
 no,  not  at  all  comfortable 


Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 
^  4_  definitely    24   probably    60   probably  not    12    definitely  not 
Comments : 

See  attached  comments 


What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
RESISTANCE? 


See  attached  comments 
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11.  Do  you  feel  the  Teacher *s  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit? 

30   definitely     ^44_  probably  probably  not  definitely  not 

If  no,  what  should  be  added  to  the  guide  to  make  it  more  useful? 

See  attached  comments 

12.  Did  you  teach  Unit  IV:  RESISTANCE  on  consecutive  days  for  26  days? 
64   yes      36  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 
See  attached  comments 

13.  How  much  time  per  session  did  you  teach? 

48  50  minutes  or  less  12  61-90  minutes 

24_  51-60  minutes  16  91+  nnnutes 

14.  Dia  you  combine  any  classes  into  one  session  (for  example,  teach 
classes  CI  and  C2  in  one  session)? 

52  yes     48  no 

If  yes,  which  classes  did  you  combine? 
See  attached  comments 


15.  How  many  physics  courses  did  ^,  ou  take  in  college  (undergraduate  and 
graduate) ? 

15  none  9  5-7 

17  1  22  8  or  more 

16.  How  many  math  courses  did  you  take  in  college  (undergraduate  and 
graduate) 

^     none  27  5-7 

5  1  2J  8  or  more 

^2-4 

17.  Do  you  have  any  other  conunents,  concerns,  or  suggestions  for  the  unit 
on  RESISTANCE? 

See  attached  comments  .   *  J 
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The  following  chart  lists  each  activity  for  the  unit  on  RESISTANCE 
dovm  the  left  column.    Since  there  are  no  materials  specifically  for  the 
sub-unit  review  classes,  these  classes  have  not  been  listed  in  the  chart. 
For  each  activity,  you  should  respond  to  the  following  questions  by  cir- 
cling "yes"  or  "no": 

1)  Was  the  material  (readings,  labs,  or  videos)  appropriate  for  your 
students?    Was  the  material  at  the  right  grade  level?    Was  the 
amount  of  material  appropriate  for  your  students?    For  any  no 
responses,  please  use  the  attached  pages  to  describe  your  con- 
cerns • 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction  in  the 
50-minute  time  period?    (Since  this  question  doesn't  apply  to  the 
video,  no  response  options  have  been  provided  for  the  column. 
Please  do  respond,  however,  to  the  other  questions  about  the  video.) 
For  any  no  responses,  pi;,<tse  use  the  attached  pages  to  describe 

why  you  could  not  complete  the  material  and/or  what  you  chose  to 
delete, 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?  For  any 
yes  responses,  use  the  attached  pages  to  specify  the  errors  and 
recommended  corrections. 

4)  Were  there  any  problems    maiiaging  the  activity?    For  the  labs, 
were  all  your  students  able  to  rotate  through  the  labs?  Did 
you  experience  any  problems  coordinating  the  labs?    Did  you  ex- 
perience any  problems  setting  up  or  tearing  down  the  labs?  Did 
you  experience  any  problems  coordinating  the  activity?    For  any 
yes  responses,  use  the  attached  pages  to  specify  the  problems  you 
had  and,  if  possible,  suggest  changes  you  feel  would  enable  you  to 
more  easily  manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material?  For 
any  yes  responses,  use  the  additional  pages  to  specify  your  sug- 
gestions.   Include  in  this  section  any  "teaching  tips"  -  special 
procedures  you  used  or  means  you  discovered  to  more  easily  convey 
the  information  to  students.    Include  in  this  section  any  comments 
you  may  have  for  the  Teacher *s  Guide. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  "^ost  importantly,  to  write  down  your  comments.    If  you  need 
mors  space  .    c  comments,  use  the  back  of  the  comments  pages  and/or  attach 
additional  sheets. 
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Comments  for  Overview  Class 
See  attached  comments 
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Comments  for  Videos 
Overview  Video:  See  attack*?-^  *  \t$ 

Mechanical  Systems  Video:    vSee  attached  comments 

Fluid  Systems  Video:    See  attached  comments 

Electrical  Systems  Video:    See  attached  comments 

Thermal  Systems  Video:    See  attached  comments 


Summary  Video: 
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Comments  for  CI  Classes 
Mechanical  Systems  CI:   See  attached  comments 


Fluid  Systems  CI:   See  attached  comments 


Electrical  Systems  CI:     3ee  attached  comments 


Thermal  Systems  CI:    See  attached  comments 
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Comments  for  C2  Classes 
Mechanical  Systems  C2:   Seu  attached  comments 


Fluid  Systems  C2:     See  attached  comments 


Electrical  S,- stems  C2:   See  attached  comments 


Thermal  Systems  C2:   See  attached  comments 
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Comments  for  Math  Lab  Classes 
Mechanical     'stems  Math  Lab:   See  attached  comments 


Fluid  Systems  Math  Lab:   See  attached  comments 


Electrical  Systems  Math  .^ab:   See  attadied  comments 


Thermal  Systems  Math  Lab:  See  attached  comments 
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Comments  for  Lab  1  Classes 
Mechanical  Systems  Lab  1:     See  attached  comments 


Fluid  Systems  Lab  1:    See  attached  comments 


Electrical  Systems  Labi:    See  attached  comments 


Thermal  Systems  Lab  1:    See  attached  comments 
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Comments  for  Lab  2  Classes 
Mechanical  Systems  Lab  2:     ^ee  attached  comments 


Fluid  Systems  Lab  2:     See  attached  comments 


Electrical  Systems  Lab  2:    See  attached  comments 


Thermal  Systems  Lab  2:    See  attached  comments 
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Comments  for  Summary  Class 
See  attached  comments 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  IV:  RESIST/^NCE 
TEACHER  QUEST  I ONN^^  I  RE 


Question  I  Comments 


What  did  you  like  most  about  the  RESISTANCE  unit? 

1.  Some  explanations  were  acceptable.  (#13) 

2.  Electrical  was  good.  (#62) 

3.  I   like  the  way  all   the  -factors  were  tied  together.     The-  unifying  o-f 
equations  seems  to  heln  :students  understand  the  concepts  better. 


4.  Videos.     Written  material  was  well  organized  but  we  are  seeing  more 
errors.      <tt33)  , 

5.  Video.  (#23) 

6.  It's  a  subject  that  I  remember  most  -from  my  physics  classes.      It  seems 
to  be  coming  together  -for  me  now.  (#11) 

7.  The  Thermal  subunit.  (#37) 

8.  The  Electrical  subunit.  (#36) 

9.  Finally  getting  to  Electrical  RESISTANCE  and  -friction  makes  me  more  com- 
-fortable  that  some  major  high  schcol  physics  concepts  can  now  begin 

to  -fit  together.  o#30) 

10.  Ail  okay.  (#^2) 

11.  It  was  all   together  a  valuable  unit.      I   like  the  Electrical  subunit  the 
best  because  o-f   its  practical  uses.  (#45) 

12.  The  hand&~on   labs.  (#58) 

13.  The  ove^'^all  material   as  presented.  (#07> 

14.  Electrical  subunit  and   labs.  (#56) 

15.  Electrical  math.  (#17) 

16.  Printed  material  was  easy  to  understand--good  explanations.  (#C5) 

17.  This  has  been  on©  o-f  the  better  units  so  rar.  (#18) 
,  18.  Working  with  electrical   resistors.  (#08) 

19.  Subunit  on  electricity.  (#27) 

The  labB  4M2  and  4F2.     Also  videos.     The  general  review  at  the  end  was 


(#25) 


-44- 

helpful,  and  would  be  good  at  the  end  of  each  unit.  #32) 
21t     The  math  aspect  had  -s.  lot  of  real  application  and  value.  (4140) 
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What  did  you  like  least  about  the  RESISTANCE  unit? 

1.  Math  labs  and   laboratory  work.  <^13) 

2.  The  labs  on  fluid  pressure  do  not  work  well.     For  one  thing  it  does 
not  emphasize  fluid  difference  whicn   is  emphasized   in  the  text.  (#23) 

3.  Problems  encountered   in  getting  all   lab  and  demo  equipment.  (**33) 

4.  Math  form.  («23) 

5.  We  were  unable^  to  make  effective  use  of  the  labs  because  of   late  ship- 
ments of  materials.  (*tll> 

6.  The  labs  need  fine  tuning  and  we  -stiM   have  not  been  receiving  our  equip 
ment  from  S-W  on  time.  (tt37) 

7.  The  Fluid  subunit   labs.  (♦♦36) 

8.  When  you  use  "drag"  as  a  mechanical   resistance  concept,   your  fluid  re- 
sistance subunit   is  seriously  compromised.  (t^30) 

9.  Thermal   labs  were  tough.     Much  work,  much  calculating,   no  obvious  re- 
sults. (♦♦12) 

10.  The  math  labs  seemed  the  hardest  to  get  r^.ross  to  students.  (♦♦SS) 

11.  Videcs  seemed  weaker,   especially  thermal,   good  show  but  nnt  much  theory. 
(#56) 

12.  4T1  Thermal    lab.  («17) 

13.  Labs  were  difficult  to  implement.  (♦♦OD 

14.  Teoirher  guide  not  as  good  as  first  3  units.  (♦♦27) 

15.  Demonstrations  were  virtually  Hseleas  in  this  unit.  (♦♦08) 

16.  ^ome  of  the  labs  1  had  to  sk:p  because  of  equipment  being  unavailable. 
(^40) 
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Question  .?  .Comments 
Overall,   how  would  you  compare  the  RESISTANCE  unit  to  units  1,   2^   and  3? 
1.     Worse,   because  of  the  errors  in  the  math.  (#63) 

2-     Maybe  a  little  bit  harder  to  manage  due  to  our  problems  with  equipment 
<#37) 

3.  The  -fluid  subunit  labs  were  worse  because  we  didn't  have  the  proper 
hoses.  <#36) 

4.  3ome  errors  beginning  to  appear.     Lab  equipment  has  nevci^  arrived  -from 
supplier,   meanin'j  less  precise  testing  o-f  applications   lab  component. 
<#30) 

5.  It  was  better  than  Unit  2,   the  same  as  Unit  3  from  standpoint  of  inpor 
tance.  (#45) 

6.  Harder  for  students  to  understand.  (t*05) 

7.  More  mistakes.  (tt08) 
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Question  4  Comments 


In  terms  of  their  overall   impact   'instructional  effectiveness,   student  in- 
terestp  manageability)   rank  each  component  o^  the  RESISTANCE  unit. 

1.  Videos  are  more  motivational   than  educational.     Math  labs  could  have 
more  problems  as  well  as  a  better  variety.  (#25) 

2.  Student  handbook  does  not  explain  well  enough   item  being  studied. 
Goes  right  to  physics   lab.     Math   labs  do  not  coincide  with   item  being 
studied.     Hands  on   labs  are  right  out  of  a  physics  lab,   not  applied. 
(♦♦13) 

3.  Sometimes  it  seems  that  we  don't  emphasize  the  application  enout^h. 
(«11) 

4.  Math   labs  contained  errors,   the  equipment  used   is  strictly  physics  lab 
type  equipment,   should  we  not  use  equipment  that   is  used   in  industry 
that  employs  the  principles  being  studied?     Teacher's  guide  has  math 
errors.  (M63) 


5.  Math   labs  are  too  short.     Teacher's  guide  not  very  inclusive.  (#37) 

6.  Math  labs  were  too  she.  t,   equipment  didn't  arrive  or  was  inadequate  for 
some  of  the  labs.  (M36) 

7.  One  math  lab  activity  should  really  include  a  problem  sheet  on  predicting 
resistances  in  circuit  diagram.      I  want  more  than  one  un-dramatic  demo  per 
subunit.  («30) 

8.  Math   labs  were  not  appropriate  to  our  math   level.  (♦♦12) 

9.  Well  the  math  labs  could  have  been  more  involved  in  geometry  and  trig, 
for  the  students  wit.n  more  background  in  math.  So  as  optional',  case  we 
had  some  use  for   it.  (♦♦45) 

10.     The  symbols  seem  the  hardest  to  get  the  student  to  understand.  (\^58) 

11«     Math   labs  too  wordy,    not  enough  for  students  to  do.     Hands-on  labs 

continue  to  be  ridiculous!     Choose  materials  we  are  likely  to  have  in 
state.  (♦♦06) 

12.  Some  students  are  becoming  overwhelmed  with  formulas.     I  think  more 
examples  and  practice  problems  are  in  order.  (♦♦56) 

13.  Labs  do  not  work  well.     Math  should  become  progressively  more  difficult. 
(H17) 


14.     Videos  sometimes  corny.  (♦♦SS) 


15.     Videos  are  corny  and  kids  think  they  are  too  simplistic.     Math   labs  were 
inappropriate,   more  relevance  to  printed  matter  formulas.     Labs  were  hard 
to  implement.  (♦♦05) 

16*     Student  handbook   is  over  many  students'  heads.     Math   labs  are  way  over 
students'   heads.  (^08) 
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17.  Very  little  teacher  In+ormation  given,   Re:    labs.  (#27) 

18.  Equipment  problem!^  and  time. 
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Which  of  your  students  seem  to  be  the  most  successful  with  the  Unit  IV 
m-^ter  ial? 

1.     Above  average  are  always  successful,   average  seemed  to  handle  ma.terial 
okay.  (#33) 


2.  However,   this  does  not  mean  that  average  and  below  students  do  not  fare 
well.     The  units  are  successful  with  the  students.  (ttSS) 

3.  The  majority  of  my  class   is  average  or  above  average.  (#63) 

4.  The  "average"  student  seems  to  achieve  more  effectively  than  in  a  stan- 
dard program.     The  "above  average"  are  going  to  achieve  well  anyway. 


5.  Algebra  skills  essential.     Also,    the  above-average  student  usually  is 
one  who  is  used  to  paying  attention  to  details.  (#12) 

6.  Obviously  students  above  average  felt  more  successful.  (#45) 

7.  The  above  average  had  the   least  trouble  with  complete  package,   average  had 
a  little  more  trouble  with  mat^t  (#58) 

8.  Hard  for  the  average  student  to  understand.  (#05) 

9.  Good  math  background  students  enjoy  the  challenge.  (#40) 


(#30) 
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Based  on  your  experiences,   do  you  think  the  6-day  plan,   per  subunit,  of 
so-minute  class  sessions  is  realistic  for  the  RESISTANCE  subunits? 

1.  The  sequence  keeps  everything  flowing  at  a  fast  pace,   which  is  good  in 
that  something  new  is  introduced  each  day,  <tt33) 

2.  Longer  period  needed  for   labs.  (*»62) 

3.  We  teach  under  a  95  minute  every  other  day  schedule.  (Mil) 

4.  The  labs  require  time  \.o  perform  and   it   is  difficult  to  set-up  and  clean 
up   in  5u  minutes.      I  feel   the  labs  must  oe   lengthened   in  time.  (♦♦63) 

5.  Once  the  kids  are   in   tue  proper  26-day  rhythm,    it  becomes  difficult  to 
slow  them  down.  (^30) 

6.  I  do  not  teach  on   this  plan  (USB) 

7.  But  I  sometimes  had  to  ext<    a  teaching  time  on  soTue  principles,  like 
drag.  (♦♦OS) 

8.  Some  of  the  labs  require  more  than  one  p<^riod  for  prep,    lab  work,  and 
discussion  of  results.  (♦♦27) 
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Qaestion  7  Comments 

-    On  average,   how  much  time  did  you  spend  preparing  to  teach  each  class  in  the 
unit  on  RESISTANCE? 

1.  Each  unit  took  me  approximately  10  minutes  to  read*     Since  the  material 
is  presented  in  a  straightforward  manner  planning  was  greatly  simpli- 
fied* («I25) 

2.  When  we  are  doing  labs  I  find  it  may  require  more  than  3  hours  for  prep 
and  follow  up.  (#63) 

3*     Preparation  for  lab  classes  measures  into  weeks  while  cooperative  shops 
go  into  production  on  some  of  the  equipment.     Lecture  class  prep  time 
is  average  for  new  course.  (#30) 

4.  Shop  students  made  the  lab  2  apparatus.     Lab  dry  run  takes  time,  but 
only  for  first  year  of  the  course.  (#12) 

5.  Lots  of  time  spent  building  apparatus.  (#32) 

6.  Read  the  lesson  twice?   check  for  <?rrors  and  application.  (#40) 
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Question  8  Comments 

Overall,  did  you  feel  comfortable  tuachins  the  materials  in  the  unit  o 
RESISTANCE? 

1.  No.     Example:     Question  9  of  test   (ohm .cm. cm/cm^ ) ?  (#62) 

2.  We  have  experienced  major  difficulties  in  acquirins  lab  equipment 
am  not  at  all  comfortable  about  that  phase  of  my  work.  (#30) 

3.  I*m  net  a  physics  major.  (#08) 

4.  No  problems.  (#40) 
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.Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 

1.  50%.  <*33) 

2.  One  problem  is  that  the  units  are  in  large  3  ring  binders  that  are 
clumsy  for  them  to  carry.     Therefore  it  would  be  advisable  for  them 
to  be  in  smaller  binders.  (#25) 

3.  I've  had  to  go  to  quizzes  to  get  students  to  do  the  reading. 

4.  We  have  physically  lost  two  students  to  extended  illnesses  and  I  be- 
lieve that  two  more  may  be  succumbing  to  school  adjustment  problems. 
(#30) 

5.  They  don't  perceive  this  as  a  class  for  v^hich  they  have  to  read.  (#12) 

6.  Almost  80%  did  I  think.  (#45) 

7.  W©  did  all   the  reading  in  class.  (#58) 

8.  My  students  read   in  class  because  I  have  3  hours  a  day.  (#17) 

9.  Students  tended  to  be  lazy.  (#05) 

10.  They're  reading  more  now  that  they  realize  they  have  lio.  (#42) 

11.  They  do  not  do  homework^  (#08) 

12.  Reading  continues  to  be  the  #1  problem  I'm  having.     .  (#32) 

13.  Had  to  spend  an  extra  day  in  review  of  math  formulas.  (#40) 
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Question  .10  CQmnieirts 


What,    if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
RESISTANCE? 

!•     The   labs  not  doing  what  we  expected.     Example:     Dewar  flask,  heating 
element  doesn't  generate  enough  heat  to  give  us  a  good  variance.  (^33) 

2.  The  labs.  <<*25) 

3.  The   labs.  (#62) 

4.  Trying  to  get  students  to  relate  subject  from  text.     Had  to  use  more 
appropriate  experiences.  (#13) 

5.  Math.  (#23) 

6.  Here  again  the  most  trouble  I  had   in  teaching  RESISTANCE  was   in  pre- 
paring mye   If  so  that   1  was  comfortable  with  the  subject.  (#11) 

7.  Not  enough  \  acher  guidance  in  teacher's  guide.     Tell  us  what  the  ex- 
perimental  results  should  be,   what  are  realistic  answers,    for  example. 


8.  Teacher  guide  could  be  a  l.ttle  more  detailed.     Teachers  are  not  "all- 
knowing"   in  all   areas.  (#36) 

9.  Since  your  equipment   list  for  Units  4-7  arrived  so  close  to  the  scheduled 
teaching  time  for  Unit  4,   we  are  unequipp4?d  to  carry  on   labs  for  demos.  ' 


10.     Units,   Btu,   calories,   joules,    inconsistent  or  at   least  hard  to  compare. 


11.  Not  enough  extra  materials  and  examples  for  more   interested  students. 
But  overall   I  was  very  comfortable  teaching  the  unit.  (#45) 

12.  All    lab  materials  take  time  to  assemble.     We  have  used  very  few  of 
your   ideas  for   labs,    it's  a  real  pain  to  face  twice  a  week.  (#06) 

13.  The  variables  used  for  different  forces  are  different  than  those  in 
most  physics  texts.  (#07) 

14.  My  major  problem  as  always   is  the  students'   unwillingness  to  <ia  any 
preparation  at  home.  (#56) 

15.  4T1.  (#17) 

16.  Type  of  students  taking  course.     They  don't  study,   never  have,   don't  know 
how,   don't  understand  enough  to  ask  questions.  (#55) 

17.  Labs.  (#05) 

IS.     Lack  of  equipment.  (#42) 

19.     Unf ami  1 iar i ty  with   information  contained  in  unit  and  had  probems  with  the 


(#37) 


(#30) 


(#12) 
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<(emonstrat  ions.  (#08) 

20.  Securing  or  praducins  special  materials  or  equipment  -far  labs.  (#27) 

21.  Labs.  (#40) 
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Do  you  -feel   the  Teacher's  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit?     If  no,   what  should 
be  added  to  the  guide  to  make  it  more  useful? 

!•     Sometimes  more  detail  could  have  been  provided.  (^11) 

2.  When  formulas  are  used  and  a  problem   is  demonstrated  the  teacher's  guide 
should  contain  complete  and  correct  explanations  of  problems.  (4163) 

3.  More  detail  on  how  to  set-up  the  labs.  (#37) 

4.  Some  of  the  Irbs  take  a  good  deal  of  thought  and  study  to  set-up.  Re- 
quest more  detai 1  on   instruct  ions.  (M36) 

5.  The  lecture  classes  are  beginning  to  require  more  from  the  teacher  to 
hold  interest  on  the  part  of  the  students.  Recommend  more  demos,  and 
mor-e  interesting  ones,   be  included.  (#30) 

6.  Make  clearer  Btu/min,   J/sec,   cal/sec  relations  and  print  all  data  on 
k,   Rt,   etc.   with  all   three  units.  (#12) 

7.  They  were  enough  but  not  for  above  average  students,  they  needed  more 
problems  and  math  examples.  (#45) 

8.  Some  teachers  might  require  more   information   if   they  do  not  have  a 
science  background.  (#07) 

9.  Put  more  answers  in  that  are  correct.  (#42) 

10.  Should  have  more  background  material.  (#08) 

11.  Teacher's  guide  should   indicate  a  sample  of  expected  results  for  labs. 
(#27) 
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Question   12  Comments 
Did  you  teach  Unit  IV:  RESISTANCE  on  consecutive  days  for  26  days? 

1.  At   least  3  days  a  week.  (#25) 

2.  Two  days  a  week,   2  hours  a  day.  (ttlS) 

3.  95  minutes  every  other  day.  (#11) 

4.  Four  days  a  week.  (#63) 

5.  Double  periods,   alternate  weeks.     Attempted  to  "stall"  awaiting  equip- 
ment deliveries,   which  never  materialized.  (#30) 

6.  Teach  and  demo,   teach  and  math  worksheet,   math   lab,    lab,    lab,  wrap-up. 
(#12)  , 

7.  We  are  set  up  on  180  minute  classes  per  day.  (#58) 

8.  Normally  we  would  have  taught  26  days  consecutively.     Between  5  snow  days 
and  4  -flood  days  however,   this  was   impossible.  (#17) 

9.  For  the  most  part,   but   it  was  difficult  due  to  my   illness.  (#05) 

10.  Interrupted  by  snow  but  still   taught  consecutively  when   in  school.  (#42) 

11.  Did  not  teach  math   labs.  (#08) 

12.  Required  some  double  days  for  several    lessons.  (#27) 

13.  Took  29  days.  (#32) 

14.  Used  two  hour  blocks  and  tried  to  teach  twice  a  week  when  time  would  per- 
mit. (#40) 
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Sii^iJLQJi-JLl-£5miDeiit5 

Did  you  combine  any  classes  into  one  session   (for  example,   teach  classes 
CI  and  C2  in  one  session)? 

1.  C2  and  math.  (#25) 

2.  C1-C2,   math  and   lab^.  (M13) 

3.  Most  all.  (H23) 

4.  C1-C2,   math  and  LI,   L2  and  review.  (Mil) 

5.  When  we  had  equipment  -for  the   labs  we  combined  them  or  modified   it.  (M63) 

6.  C0-C1-C2,    M1-M2,    L2-Cs.  (#30) 

7.  Math   lab  and  CI,   video  with  CI  and  C2   (at  the  beginning  and  at  tho  end). 
(H45) 

8.  1  taught  as  much  as  time  would  allow.  (#58) 

9.  I  did  change  order   i.e.,   CI,   LI,   Ml,   C2,   L2,   R.     Gives  me  time  to  re- 
view lab  worU  wi'^ih  class.  (#06) 

10.  CI  and  C2  classes  were  combined  to  allow  for  abilities  of  students  and  to 
provide  more  time  for  enrichment.     Math   labs  were  assigned  for  homework. 
(#07) 

11.  CI  and  C2  are  divided  up  over  3  40-minute  periods.  (#56) 

12.  4E1   and  4E2.  (#08) 

13.  The  two  hour  block  systems  alXow  me  to  block  units  together.     CI   and  C2, 
labs  and  math  are  held  in  one  block.  (#40) 


ERLC 


295 


-60- 


Suestign   17  Comments 


-   33o  you  have  any  other  comments,   concerns,   or  suggestions  for  the  unit  on 
RESISTANCE? 

1.  Increase  the  number  of  problems  so  that  a  teacher  will   have  a  greater 
choice  in  problem  types.     Also,   this  would  keep  fast   learners  from 
getting  bored.  («25) 

2.  This  unit  needs  improvement.     Try  to  get  out  of  the  physics  lab  and 
into  the  real  world.  (#13) 


3.     Had  to   include  several   standard  physics   labs  to  replace  those  for  which 
equipment  was  unavailable.     Regretfully  had  to  skip  several    labs  for 
which  no  successful  replacements  could  be  found.  (#30) 


4.     Suggest  a  mini-lab  on  finding  mu  and  use  of  equation..     Use     blocks  of 
wood  plus  cloth,   pieces  of   inner  tube,   metal  foil,   or  shoe  soles  on 
floor,   carpet,    lab  table  tops,   sheet  of  glass,   etc.     This  is  to  get  an 
idea  where  mu  values  in  the  table  come  from.     The  demo  is  the  lab,  I 
skipped   it.     Do  lab  #1  at  page  16,    then  teach  and  do   lab  4^2.  Math 
Lab  page  60,   we  use  the  factor   label  method  throughout    (and  have  since 
the  very  first  unit)   so  we  already  knew  how  to  dc  these.     Demo — R  of 
fluids  seemed  to  be  the  same  as  the  lab  so  we  didn't  do   it.     There  should 
have  been  no  numbers  on  the  bottom  of  the  graph  on  page  73  to  let  the  stu- 
dents write  own  scale.     Page  78  doesn't  allow   (data  table)   for  measure- 
ments in  cm  to  match  force   in  Newtons.     Delta  P  in   inches  or  cm.  Re- 
strictor  plate  20%   (page  78)   sucked  the  water  out  of  our  manometers^   so  we 
put  all   the  20%  plates  away.     Gra^ph  on  page  79   is  set  for   inches,  our 
manometers  were  metric;    leave  the  scale  on  y  axis  open  for  students  to 
write  in.     Demo  Electrical  R,    I  didn't  do  steps  11  and   12.     Prefer  to 
teach  Ohm's  Law  first.     The  demo  was  to  introduce  the  idea  that  R  in- 
creases with   length,   decreases  with  diameter.     The  idea  of  volts  and  amps 
comes  later.     Page  84,   why  persist   in  teaching  that  electricity  is  the 
flow  of  electrons  down  the  wire?     It   isn't  any  harder  to  teach  that  it's 
the  flow  of  charge,   and  leave  the  electrons  pretty  much   in  places  Page 
86,    I  handed  out  a  copy  of   the  Greek  alphabet   (from  the  Houghton-Mifflin 
Physics  text)    to  help  students  with  amega,   rho; ,   theta,   etc.     Page  92, 
equation  for  R  total   in  parallel  circ\.'its  is  usually  given  as 
1/Rt  =5  1/Rl  +   1/R2  +  l/R3....Why   is   it  given   in  another  form  on  page 
92?    How  about  a  universal,   ell-purpose,   all-unit  sheet  of  conversion 
factors  -  printed  on  heavy  paper  and   laminated?     It's  hard  to  find  the 
individual   conversion  factor  when     they're  sprinkled  throughout  the  text. 
Page  129-130,    add  a  few  words  on  conduction,   convection,    radiation,  and 
explain  how  a  DeWar  prevents  them  all.     Explain  a  bit  why  we're  going  back 
to  he&t  flow  rate  on  page  130.     Just  a  few  words  about  Resistance  =»  F/.^ace 
would  do  it.     Equaton  3  on  page  131  can  also  be  read  as  Rt^l/k,  Rt»l, 
Rt»l/A,   then  R=»l/conduct  and  C=»l/R  are  easier  to  teach.     Btu-  in/hr  .f  t  ^•^F 
may  be  used   in  construztion  but  your   lab  gives  results  in  cal   cm/sec  cm 
C,   and  the  two  can't   (easily)   be  compared.     V/.ry  useful   review  of 
fractions  and   labels  before  the  lab.     Page  T-lSl,   you  can't  use  the  set-up 
sketched  because  the  wing  nuts  prevent  the  insulation  and  top  aluminum 
plate  from  resting  uniformly  on  the  bottom  plate.     Add  a  screwdriver  to 
equipment   list  to  fasten  to  DP-DT  switch.     Aren't  Tc-A,   Tc-B,   Tc-B  labels 
mixed  up  on  the  DeWar/DP-DT  sketch?     Wrap  up  HI  on  page  154.  Can't 
compare  (readily)   since  table  of  ^Iven  values  is  in  Btu,   and  lab  results 
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are  in  calories.     Page  157,   speci-fic  heat  worked  out  okay,   even  though 
students  barely  know  what   it  was*  (M12) 

5.  As  -far  as  the  units  are  concerned,    I  must  say,    it  couldn't  be  presented 
better*     The  unifying  concepts  and  understanding  the  units  were  pre- 
sented excellently.  (M45) 

6.  1   liked  the  relationship  of  RESISTANCE  with  the  3  previous  units,  i.e., 
how  it  fit   into  "unifying  principle."  (M05) 

7.  Be  more  accurate*     Get  your  equipment  drawings  to  the  suppliers  FASTER. 
We'd  like  to  be  able  to  use  the  equipment  called  for.  (H42) 

8.  Question  ttl5  on  test  should  either  say  crate  or  plate,   not  both.  Ques- 
tion H34  should  insert  word   "d  i  f  f  erence**  after  temperature.  (HOS) 

9.  Labs  4M2  and  4T1  were  not  done  because  of  lack  of  proper  materials.  (♦♦27) 
10.     Good  unit.  (#40) 
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1.  It  is  a  wise  idea  in  terms  both  of  techuology  and  physics  to  continue 
to  unify  the  Concepts.     Technologically,   to  make  memorization  easier 
and  scientifically  to  demonstrate  the  interrelaion  of  physical  prin- 
ciples. <#30) 

2.  Helps  the  students  a  lot,   about  what  they  were  going  to  study,  and 
makes  them  feel  comfortable  at  the  start .  (#45) 

3.  Okay.  (#17) 

4.  Fine-okay.  (#05) 

5.  Ceramic  bundle  -  how  can  technician  handle  it   if   it   is  at  the  temperature 
she  says?  (#27) 

6.  Good  unit*     Some  lab  problems.  (#40) 
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1,  Thermal:     Why  not  use  infra-red  picture  of  housw  in  winter  -  some- 
thing students  could  relate  to,  (tt62) 

2,  Overview:     Should  solve  equations  instead  of  just  giving  them,  i.e., 
Resistance       Force/Rate?     Solve  this  rather  than  just  run  over  it. 

Mechanical:     Explain  how  drag  and  friction  are  figured  out.  Don't 
just  run  it  through  -  solve  a  problem  rather  than  talk  about   it.  Fur- 
ther explanation  of  picture  on  turbulence.     Answer  questions  about 
friction  at  end  of  video,  (^13) 

3,  The  videos   in  this  unit  were  good,      I  didn't  have  a  complaint  with  any 
of   them,  (#36) 

4,  Overall   I  find  the  videos  to  be  very  well  done  and  useful    in  explaining 
concepts,  (#63) 

5,  Overview:     Real  eye  catching  opening.     Cute  ending.     Not  the  most  inter- 
esting or   informative  middle  of   the  series,  (#30) 

Mechanical:     Very  clever  situation  emp^-jying  resistance  at  opening.  Much 
better   interest   level   than  in  Overview  video.     While  the   live  interview  Is 
important,    it  does  allow   interest   to  ebb  over  any   length  of  time. 

Fluid:     Music  quite  effectively  used.     Interview  effective,   but  could  be 
more  so  with  the  youngest   looking  technician   in  the  place. 

Electrical:     Adorable  opening.     Very   interesting,   until  we  get  to  the 
very  knowledgeable  technician,   who  talks  about  the  film-transfer  machine. 
My  kids  do  not  understand  aspect  ratio.     His  portion  ran  several  secondr 
too  long,     Jood  ending  pedagogical ly  with  the  50,000  ohm  sign. 

Thermal:      Interesting  approach  with  dramatization.     Was  that  really 
Lar  y  going  into  the  water?     Very  effective  points  made  durine  the  video 
because  you  used  dramatically   interesting  settings  and  no  talking  heads; 
the  doctor's  presentation. 

Summary:     Good  review.     Very  amusing  ending.     Congratulations  on  avoiding 
the  un^ierstandable  impulse  of   having  the  actor  say   "I'm  going  to  scram, 
(#30) 

6.    In  general   I  was  showing  the  tape  two  and  sometimes  three  times  during 
eaiih  subunit«      I  understand  that  students  will   benefit  more  as  we  go 
on  the  book  a  few  days  before  t'^ey   look  at   it,   so  I  would  do   it  fre- 
auent ly , 

Elcficrical:     It  was  very  good,   but  I  felt  that  we  could  have  used  more 
nractiCi^l  examples,  ...ostly  trouble  shooting,  (#45) 

II  videos  w«re  excellent.     We  viewed  all  videos  at  one  time  at  end  of 
e&ching  pjan,   and  I  think  it  helped  the  student  relate  to  subject.  (#58) 

8.     Thermal:     Reasonably  well   done.     Dramatization  of  host  sicene  a  little 
too  corny*     Otherwise  okay.  (#06) 
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.   9.     Mechanical:     On  the  part  where  the  man   is  sanding  wood  the  arrow  shown  is 
confusing.     Does  it   indicate  the  normal   force?     If  so   it   is  in  error. 

Electrical:  Safety  error,  connection  could  cause  an  explosion  if  done  in- 
correctly.    Ground  to  the  frame  of  the  car.     Overall   very  good. 

Thermal:     Language,   although  real,   could  cause  some  problem'3.  (H07) 

10.  Fluid:     I  feel   the  technicians  comment  on  how  charge  is  carried  on  a  wire 
is  misleading.  («*SI6) 

11.  Okay.     We  need  humor,   and  Ueep  the  personal    interviews  coming.     I  par- 
ticularly  like  solar  panels  as  a  subtle  push  for  solar  energy  use.  (Ml?) 

12.  Eliminate  corny,   kids  today  are  used  to  a  more  sophisticated  comedy.  (#55) 

13.  Thermal:     ^arts  seemed  elementary   (too  corny).  (♦♦OS) 

14.  Battery  jump  shown   is  dangerous,   could  blow  up  battery.     Put  pos.  cablec 
on  first,   either  batter.     Put  neg.   cable  on  good  battery.     Put  neg. 
cable  at   least   18"   away  from  bad  battery  on  good  ground.     Remove  in 
exact  reverse.  (tllS) 

15o     Mechanical:     Explain  that  extra  3000  lbs  of  fuel    is  for  full  range 
f I ight. 

Fluid:     What   is  the  significance  of  the  hand   in  the  pipe  at  the  end  of 
the  tape?     Why  a  wrench? 

Electrical:     Electrons   likened  to  a  gas?  Is  this  realistic?     Bad  pror 
cedure  to  connect  clamps  to  battery.     Don't  attach  both  to  battery, 
don't  connect   the  terminal  covered  with  corrosion. 

Thermal:     Excellent  video. 

Summary:     Error,   tape  doesn't  move  for  stated  reason,    it   is  pull  of 
the  take-up  reel.     Resistance  of  one  hand  on  another   (applause)    is  this 
a  good  example?  (H27) 

16.  Fluid:     Qv  should  still  be  flow  rate  instead  of  changing  to  quantity 
volume.     Should  not  change  from  one  lo  the  other,   should  be  consistent. 

Electrical:     Safety  violations:   welder  should  wear  gloves  when  welding. 
In  properly  hooked  up  jumper  cables  should  not  be  hooked  up  to  both 
terminals  of  the  battery.     Follow  talking  about  film  transfer  machine 
was  totally  confusing  to  teacher  and  students. 

Thermal:     No  need  for  profanity.  (#08) 

17.  All  were  good.  (H40) 
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ComipeQt^^lQr^l  Clashes 


!•     Electrical:     Every  electrical  course  book  uses  E   instead  of  DV. 

Later  transistor  courses  use  DV,   but  by  then  students  are  ready  -for 
it.  (#62) 

2«     Mechanical:     When  using  dry  -friction  make  a  comparison  to  a  lubri- 
cant.    Students  could  not  see  comparisons  o-f  a  box   (dry)   and  piston 
( 1 ubr i cant ) .     Shoul d  be  cons i stent . 

Fluid:     Not  enough   info  on  closed  systems.     All  about  pipes  carrying 
fluids  to  open  ends. 

Electrical:     In  student  exercises  no  graph  for  question  #7,   no  voltage 
for  question  #12. 

Thermal:     Fair  on  heat.  (#13) 

3.  Mechanical:     We  could  use  more  discussion  on  drag. 

Electrical:     A  couple  of  errors  in  the  student  exercises.      Item  #12  we 
could  not  calculate  because  of   inefficient  known  values.      Item  #7,  there 
is  no  diagram. 

Thermal*     Calculations  were  a  little  difficult  here.     More  instructions 
would  ¥     ^  been  helpful.  (#36) 

4.  Mechanical:     As  alternative  demo  relating   lubricant  and  friction:  incline 
one  long  metallic  surface.      Increase  the   incline  just  until   a  second  met'- 
allic  object  placed  on   it  begins  to  slide.     Measure  the  height  of  the 
incline  at  which  static  friction  was  overcome.     Repeat  the  demo  with 

the  surfaces  lubricated.     Alternate  method,   try  several  different  lubri- 
cants. 

Fluid:  Since  drag  was  discussed  as  a  mechanical  system,  fluid  resistance 
is  left  weak. 

Electrical:     Material   appropriate  for  all   students  except  those  from 
electrical   wiring  and  electronics  shops.     Some  extra  material  should  be 
provided  for  them. 

Thermal :     Present at  ion  good ,   material   good.  (#30) 

5.  Mechanical:  The  subunit  wa'S  excellent,  students  got  more  interested  In 
this  section  than  they  (showed)  did  in  Fluid  and  Thermal.  I  think  that 
was  because  of  feeling  of  the  everyday  examples  of  it. 

Fluid:      I   think   it  was  enough  me<"'»rial,   and  good. 

Electrical:     This  section  was  the  most   interesting  part  of  the  unit  for 
the  students.     The  materials  were  excellent  and  easy  enough  to  undei — 
stand.     Students  liked   it  very  much. 

♦ 

Thermal:     It  was  good.  (#45) 

6.  Thermal:     It  was  good.     I   like  the  layout  of  goals  and  objectives.  (#06) 
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7.  Mechanical:     I  would  prefer  to  use  the  symobl   "F"  for  force  and  use  sub- 
scripts to  denote  the  kind  of  force,    i.e.,   Ff-friction,   Fw-weight,  Fn- 
norroal,  etc.     This  would  be  more  consistent  with  oter  physics  texts  and 
it  would  be  easier  for  students  to  understand.     There  are  many  types  of 
forces  and  when  we  use  a  seperate  letter  without  some  unifying  symbol 
such  as  "F"  to  show  forces  students  have  trouble  relating  concepts. 
Your  explanation  of  normal  force  is  not  clear.     The  normal   force  is  the 
force  that  holds  the  two  surfaces  together.     Your  diagrams  indicate 
that  the  normal  forces  as  an  upward  force  in  reaction   (equi 1 ibr iant )  to 
the  downward  force  of  weight   (Fw) •     Normal   force  and  weight  force  are 
equal   only   if  the  appl ied  force   (Fa)    is  at  right  angles  to  these  forces 
<Fig.    1).     If  the  applied  force   (force  producing  motion)    is  at  an  angle 
other  than  90,   the  above  statement  is  no  longer  true.     The  normal  force 
is  equal  to  the  weight  minus  the  vertical  component.     The  same  thought 
holds  true  for  inclined  planes.     The  normal   force  should  be  shown  as  a 
vector  drawn   in  the  same  direction  as  the  weight  vect       so  that   its  value 
can  be  shown  as  the  vector  sum  of  the  forces  that  co.itribute  to  it,  not 
as  an  equilibriant  force  to  the  weight. 

Electrical:     Should  introduce  rho  on  page  87,   where  resulting  is  intro- 
duced.   .Page  88,   equation,   note  that  A  is  a  cross-sectional   area.  (*I07) 

8.  Mechanical:     It  is  confusing  to  the  kids  to  define  the  normal   force  as 
the  reacton  force  to  the  weight  and  also  say  it   is  the  force  holding  the 
surfaces  together.     I  think   it  would  be  clearer  if  we  just  said  that 
weight  and  normal   are  the  same  when  horizontal   and  worry  about  com- 
ponents later.     I'd  like  more  workplace  applications   (this   is  a  general 
comment  for  all  units). 

Thermal:     Kids  really  blown  away  with  all  the  formulas  and  problems 
here.     I  don't  know  what  to  suggest.  (^56) 

9.  Electrical:     Okay,   but  took  more  than  2  days.  (#05) 

10.  Electrical:     Page  87,    resistivity   is  expressed  as  rho,   but   is  not  ex- 
plained  like  pi,   mu  and  ohms  are.     Why  not  state  Ohm's  Law   like  it  was 
stated  by  Ohm?  (**08) 

11.  All  were  good.  (#40) 
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CgmiDeDtg,£Qr,  C2,.C  lasses 


1.  Thermal:     Problem  10,   wrong  answer  in  teacher's  copy.  (**13) 

2.  Thermal:     Student  exercise  ^♦75   no  graph   is  shown.     **12,   the  voltage  source 
is  not  clearly  shown.  (Itll) 

3.  Mechanical:     Not  enough  discussion  on  drag.     No  sample  problems  to  do  on 
drag.     Kids  could  have  used  practice  with  this.     Should  go  into  mere 
detail   on  drag,   turbulence  and  aerodynamics. 

Electrical:     Student  exercise  #12,   you  do  not  give  -che   AV.  On 
one  of  the^  quest  ions,   #7,   you  don' t  show  a  d  iagram. 

Thermal:     Student  exercise  question  (#10,   you  are  one  exponent  off   in  the 
answer,   answer  should  be  4.3  x  10  ^»      Also,   we  need  to  show  how  to  go  from 
AT  in  Celsius  to  AT  in  Farenheit.  («37) 

4.  Mechanical:     HI   in  student  exercises  as  well   as  friction  and  drag,  show 
about  kinetic  and  static  as  alternate  choice? 

Fluid:     More  could  have  been  said  about  viscosity  of  fluids.     Tech  kids 
should  know  more  about  that  than  just  an   "oil  number." 

Electrical:     Page  95,   #7  doesn't  show  graph.     Please  correct  or  clarify. 

Thermal:     Class  demo  almost   invisible  from  any  distance  away.     Since  temp 
sensing  dots  are  one-time  only,    it   is  difficult  or   impossible  to  repeat 
for  those  who  miss   it.     Something  else,    perhaps.  (H30) 

5.  Electrical:      It  was  excellent.     There  were  some  errors  I  found:  question 
#6  on  page  93  of  student  exercises  was  not  clear;   question  #7  on  same 
page,   the  graph  was  not  on  the  page;   question  #12  on  page  96  of  the  stu- 
dent exercises,   should  have  had  AV  in   its  given  values.  (M45) 

6.  Thermal:     But  I  would  prefer  to   leave  some  of  the  lab  discussions  and 
material   relating  to  new  formulas  put  in  C2   instead  of   lab.  (#06) 

7.  Electrical:     Page  93  student  activities,   problem  #7  refers  to  a  graph 
that  is  not  found.  (#07) 

8.  Thermal:     Student  exercises  #10-12  contain  math  errors.  (#55) 

9.  Thermal:     Errors  on  page  T-139  problem  10,   should  be  4.5  x  10^  and 
problem  12  should  be  40  C  =  40 °C  x  1.8°F/1°C  =  72^F+32  =  104  T,  thus 
making  the  final  answer  2,316,288  Btu/hr.  (#42) 

10.  Thermal:     In  the  student  exercise  #10  and  #12,   you  need  to  add  32  when 
converting     C  to  °  F.  (#60) 

11.  Fluid:     Demo  did  not  work  as   it  was  supposed  to.     Confetti  went  to  dead 
air  pockets  in  corners  of  appartus.     Apparatus  should  be  round  instead 
of  square.      I  took  a  piece  of  paper  towel  and  wrapped   it  around  the  fil- 
ter to  simulate  the  same  thing. 

Electrical:     Errors  on  student  exercises:     #6,   two  "b"  answers,   no  "c" 
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answers.     #7,   no  graph.     ttll  and  #12,  voltage  Skzould  b©  shown  in  the 
circuit  rather  than  given   in  teacher's  manual. 

Thermal:     Had  problems  with  demo.     Demo  should  be  changed  somehow.  (#08) 

12.  Electrical;     One  single  strand  of  wire  from  lamp  cord  wire  works  well 
for  40  wire. 

Thermal:     Not  done,    thermal   indicators  not  available.  (#27) 

13.  Electrical:     Question  #12,   unsolvable.     Question  #7  incomplete. 
Thermal:     Question  #10,   error   in  answer.  (#32) 

14.  All  were  good.  (#40) 
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1.  Thermal:     Problem  2:   16/3  r  3/I6  »  16/3  x  16/3  =  256/9.  (K33) 

2.  I  have  only  on©  comment  for  the  math   labs.     Increase  the  number  and 
scope  of  the  math  problems.     This  way  the  teacher  could  select  the 
problems  to  match  the  student.     For  example*   a  slow  student  could 
get  mere  easy  problems  while  a  fast  student  would  get   less  easy 
problems  and  do  more  difficult  ones.  (#25) 

3.  Not  in  the  least  bit  "in  tune"  viith  what's  being  taught.      If  they 
can  *  t  add  and  subtract  f ract  i  ons,   someone  e 1 se  has  screwed  up 
early  in  education.     It  would  be  easier  to  teach  sex  ed   in  this 
course.  i^62) 

4.  Mechanical:     What  do  speed,   velocity  and  acceleration  problems  have 
to  do  with  Resistance?     No  friction  or  drag  mentioned   in  any  pro- 


Fluid:      Is  all   conversion  from  one  form  to  another?     Nothing  about 
Resistance   in  fluid  system.     Very  inappropriate  math  lab. 

Electrical:     Gkay.  ^ 

Thermal:     All   fractions,   no  mention  of  heat  transfer.  (tH3) 

5.  Mechanical:     Okay,   but  how  come  it  only  deals  with  rate  problems?  It 
was  too  short,    however,    I   liked  this  math   lab  the  best.     Just  a  little 
bit  more  would  be  better. 

Thermal:     Too  easy,   not  long  enough.     T-146  has  a  mistake   in  the  3rd 
problem,   and  T-1* 3,    last  problem,   answer  should  be  Kg/sec^m.  (H37) 

6.  Electrical:     Could  be   longer,    requires  too  much  supplemental  work.  (#36) 

7.  Thermal:     Problem  #10  should  be  5568.     Problem  #12  converting  from  °C  to 
°F,   you  failed  to  add  32 °F.   Problem  2,   page  146:    16/3  t    3/16  =   16/3  x3/16, 
28.9.  (#63) 

8.  Mechanical:     The  thing  I   like  best  about  this  course   (or  at   least  that  I 
like  a  lot)    is  the  relentless  review.     Even   if  the  students  do  not 
quite  get  familiar  with  rate  problems  during  the  rate  unit,   they  see  them 
again  in  an  upcoming  math  lab. 

Fluid:     Good  practice,   no  problem.     Some  kids  enjoy  the  math   labs  more 
than  any  other  part  of  the  course. 

Electrical:     Recommend  adding  activity  to  determine  theoretical  re- 
sistance in  various  circuit  diagrams  in  parallel   and  resistance  cir- 
cuits.    The  activity  supplied  was  very  good,    however.  (#30) 

9.  Electrical:      It  was  excellent,   materials  were  so  important  and  easy  ^ 
for  most  of  the  students  to  understand.     Practical  point  of  view  of 
this  section,    I  think  was  the  basic  reason  for  the  students  liking  it 

so  much.  (#45) 
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10.  Mechanical:     Us©  of  rat©  equation  now  seems  out  of  place. 
Thermal!     A  little  too  simplistic.     Need  more  on  activity  *»2.  (#06) 

11.  Mechanical:     Use  of  the  term  cancel  on  page  23,   divide  would  be  mathe- 
matically correct.     Cancel  would  leave  nothin-y,   rather  than  1  as  needed 
in  the  operation.     Example  C  page  24,   unit  conversion  should  be  shown 
(factor  label  method).     The  factor   label  method  is  easier  for  students 
to  understand.     Unit  conversions  and  calculation  using  formulas  can  be 
shown  by  this  method.  (#07) 

12.  Mehcanical:     Math   lab  was   inappropriate  for  unit  on  RESISTANCE  (give 
this  in  RATE  unit). 

Electrical:     Okay,   but  this  lab  should  not  have  had  to  deal  with  multi- 
meters,  save  it  for  1 ab. 

Thermal:     Okay,   but  students  felt   it  was  too  simple  and  redundant.  (#05) 

13.  Mechanical:     This  lab  seems  more  appropriate  for  the  math   lab  in  mecha- 
nical RATE. 

Electrical:     Question  #7  on  page  95  has  no  graph.     Cannot  be  worked  unless 

6  volts  is  put  on  the  power  supply   in  question  11. 

Thermal:     page  146,   28  4/9.     Page  148,   kg/sec ^m.  (#18) 

14.  Thermal:     Error  on  page  T-146,   3rd   line  from  top  should  be  16/3*3/16  = 
16/3x3/16.     Page  T-148  should  read  Kg/sec^m.  (#42) 

15.  Fluid:     Proved  difficult  for  some  students. 
Thermal:     This  should  be  in  electrical   subunit.  (#27) 

16.  Electrical:     Good.      It  was  better  to  have  a  math   lab  that  related  to  the 
concepts  of  the  section.  (#60) 

17.  Thermal:     Problem  #2,   3rd  answer  wrong.  (#32) 

18.  Mechanical:     No  problem  for  the  better  math  students. 
Fluid:     Problems  with  pressure  difference  and  formulas. 
Electrical:     Formula  problems. 

Thermal:     Lecture  on  F""   to         and  back.  (#40) 
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Comrpen^^  ^  Classes 

!•     Thermal:     The  voltage   (15V/)   didn't  seem  to  generate  the  heat  we 
needed.  (4^33) 

2.  Fluid:     Did  not  use,   cannot  trust  students  with  water   in  classroom, 
made  up  experiments  using  air. 

Thermal:     Too  much   like  a  physics   lab,   not  real  world.  (♦♦13) 

3,  W©  were  unable  to  run  the   labs  as  written  due  to  our  equipment  not 
being  used.     However,   we  did  try  to  improvise  on  our  own  to  show  the 
principles. 

Fluid:     Most  of  the  labs  in  this  unit  were  not  used.     This  was  mainly 
due  to  shipment  of  materials  not  being  camp lete. 

Electrical:     We  were  able  to  take  resistance  reading  of  several  re-* 
sistors  using  the  V/OM  DMM  and  comparing  them  to  the  color  ceding,  (HID 

4.  Mechanical:     The  small   aluminum  plat  had  burr?  on  the  bottom  so  that 
when  you  pulled  the  plate  it  would  drag  and  therefore  the  spring  balance 
reading  was  messed  up.     Also  the  holes  on  the  plate  shouldn't  be  there 
because  the  cord  or  string  in  the  hole  prevented  the  small  plate  from 
lying  flat  on  the  large  plate. 

Fluid:  Our  equipment  di*^.  not  arrive.  We  had  to  improvise  but  it 
worked  poorly.  We  tried  to  do  it  as  a  demo.  Not  so  great.  V/ery 
frustrating. 

Thermal:     Good,   except   the  heater   is  120V  and  by  using  15V/  on  the  power 
supply  it  takes  too   long  for  the  kids  to  get  a  stable  reading.  Need 
to  increase  the  voltage.  (HS?) 

5,  Mechanical:     Good  concept  but  didn't  work  as  well  because  of  the 
roughness  of  the  plate.     Equipment  supplier  could  have  done  a  better 
Job  in  workmanship. 

Fluid:     Another  fluid   lab  disaster,   proper  equipment  didn't  arrive. 
Electrical:     Electrical    labs  have  been  the  best  so  far. 


Thermal:  A  good  lab  but  the  heater  takes  too  long  to  heat  up.  Students 
spend  too  much  time  waiting  for  something  to  happen,  (♦♦36) 

6.     Mechanical:     Since  S-W  equipment  did  not  arrive,   we  homemade  the  slides. 
We  will  need  to  do  some  surface  work  on  them  before  next  year.  With- 
out specifying  the  quantity  of  oil   to  use  in  the   lab  directions,  our 
electronics  experts  miscalculated  and   innundated  us.     Just  Kuwai  t  ^ 
until   I  do  this  one  again. 

Fluid:     3/8"  diameter  garden  hose  not  available   (special   order  only  ^ 
for  *1  a  foot).     They  also  do  not  stock  25*    lengths  of  any  garden 
hoses  in  this  vicinity.     Pressure  gauges  never  arrived  from  S-W, 
Obviously  we  did  not  complete  this  lab. 
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Electrical:     Did  our  best  on  this  one  without  breadboards.  Replaced 
the  write-up  sheet  and  attempted  to  compromise.     Results  were  not  dis- 
couragi  ng. 

Thermal:     1/4"   aluminum  plate  costs  «100.     Ten  minutes  doesn't  do  it. 
This  lab  takes  about  45  minutes  to  set  up,   another  45  minutes  to  run 
before  any  results  show.     The  kids  are  bored  silly,   just  as  they  were 
the   last  time  these  "ovens'*  were  out.     The  idc^a  is  good,   but  the  exe- 
cution needs  work.  (tl30) 

7.  Mechanical:      Include  use  of  slant  board  and  calculate  mu  from  time 
and  theta. 

Fluid:     Difficult  to  see  apparent  charge  in  flow. 

Electrical:  Standard,  why  do  other  three  units?  Have  to  have  labs  so 
exotic!     We  have   lots  of  physics  equipment  to  use  or  adapt. 

Thermal:  Lab  is  too  exotic.  Could  and  did  use  more  common  lab  equip- 
ment. (#06) 

8.  Electrical:     Breadboards  from  S-W  are  a  joke.  (**07) 

9.  Mechanical:     Didn't  care  for  this  one.  Results  were  very  inconsistent 
and  not  very  conclusive.     Also  very  messy. 

Fluid:     Fairly  effective   lab  except  for  some  reason  the  50'  length 

always  had   less  resistance  according  to  the  graph. 


Thermal:     Got  a  reasonable  answer^   but  could  find  no  value  of  R  to 
compare   it  to.  (#56) 

10.  Thermal:     Could  not  get  to  work.  (H17) 

11.  Need  too  much  preparation  time.     We  are  not  given  that  much  time.  (#55) 

12.  Mechanical:     Okay,    I  had  to  readjust  the   lab  to  fit  the  equipment  we 
had  aval  lab le. 

Fluid:     We  worked  the  lab  without  doing  it   (lack  of  equipment). 

Thermal:     Okay.     Used  equipment  available  and  adjusted  the  lab  accord- 
ingly. (#05) 

13".     Me-zhanical:     Thi«3  was  not  a  very  good   lab.     The  aluminum  plate  on  the 
aluminum  plate  gave  varying  results  and   inaccurate  of  what  was  to  be 
discussed.     The  experiment  could  be  better  conducted  on  a  cement  floor 
with  the  plate  and  weights.  (#18) 

14.     Electrical:     S-W  solderless  breadboard  consisted  of  a  piece  of  white 
pine  plus  12  spring  clips  pounded   into  pre-drilled  holes.     Total  rip- 
off,  don't  buy! ! 

Thermal:     Error  on  page  152,   figure  2,    lab  set  up,   2nd  drawing  of  De- 
War  has  mislabeled  TC-B  and  TC-A.     Page  154  wrap  up,   there  are  no 
K  values  given   in  the  text  for  styrcfoam  insulation.     Also,   no  answers 
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given  -foy*  wrap  up  qaestibns.  (**42) 

15.  Pleas©  put  more  detail  on  how  labs  should  be  set-up.      It's  hard  to  tell  * 
exactly  where  some  partr>  are  placed. 

Thermal:     ttl  too  long        get  warmed  up  so  the  student  could  read  a 
voltage.  (4^60) 

16.  Thermal:     Not  done,   no  DeWar  flask  available.  (^27) 

17.  Mechaical:     It  was  extremely  difficult  to  get  a  reading  in  the  short  time 
it  took  to  pull   the  plate  fr'  ^  one  end  to  the  other.     Base  plate 

should  be  much   longer  ano  should  maybe  have  a  lip  on   it   to  keep  oil  on 
plate. 

Fluid:      I  changed  the  lab  nnd  used  water  pressure  of  city  water.     Put  a 
pressure  guage  on  both  ends  of  the  hoses  and   looked  at  difference  in 
largo  hose  vs*   small   hoce  and  short  hose  vs.    long  hose.     A   lot  simpler. 

Electrical:     These  two   labs  could  be  combined. 

Thermal:     Page  153  DT  should  +         not  °C.     The  whole   lab  combines  the 
use  of  English  and  SI  units  so  you  cannot  compare  the  answers  you  get 
with  anything   in  the  text.     I   represents  the   length  of   insulation  in 
measurements  and  thickness  in  Crquation,   should  not  represent  both.  (tl08) 

18.  Lack  c-f  equipment.  (4^40) 
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1.  Mechanical:  Either  a  smaller  tube  or  larger  objects  -  we  used  a 
substantial  wet  and  dry  vac  -  but  the  reading  we  received  wasn't 
noticeable.  (N33) 

2.  Fluid:  Did  not  have  equipm^^nt  -for  lab.  Used  my  pneumatic  robot 
arm  with  controlled  air  flow.  (ttl3) 

3.  Mechanical:     We  were  unaj^le  to  run  this  lab,   no  equipment  again.  I 
was  unable  to  prepare  something  else.     So  we  discussed  what  was  hap- 
pening and  the  purpose  o-f  the  lab.  (ttll) 

4«     Mechanical:     Well,   same  old  story,   S-W  didn't  ship  the  vacuums  to  us. 
We  borrowed  one  vacuum  and  did  as  demo.     Big  problem  with  keeping  air 
out  o-f  the  bottom  of  the  tube.     The  vacuum  fit   in  the  bottom  of  the  tube 
but  the  vacuum  didn't  fit  flushly  and  a  let  of  air  was  there  to  prevent 
the  experiment  from  working. 

Fluid:     We  did  not  receive  all  equipment  on   time,   could  not  do  the 
lab.  (H37) 

5.  Mechanical:     Equipment  supplied  did  not  work.     We  had  to  modify  the 
experiment  and  use  a  vacuum  brought  from  home.     Shop  vacuums  ordered 
from  S-W  didn't  arrive. 

Fluid:     Another  failure,   no  equipment. 
Electrical:     Pretty  good  lab. 
Thermal:     Ran  out  of   time.  (tt36) 

6.  Mechanical:     Without  equipment  this   lab  was  deleted.     We  will   attempt  to 
test  again  at  a  later,   convenient  date. 

Fluid:     Equipment  did  not  arrive,   we  were  unable  to  Mickey  Mouse  suf- 
ficiently to  make  an  attempt. 

Electrical:  Again,  no  equipment.  Did  our  best  to  adapt.  Worked  fairly 
wel 1 ,   with  promise  of  better   luck  next  time. 

Thermal:  Good  lab.  Time  is  close  enough  to  50-minutes  to  call  it  clear 
Good  results*   good  concept.  (H30) 

7.  Electrical:     It  was  excellent.     There  was  an  error  on  page  121,  step 
17b.     Equation  4  should  be  written   1/Rt«l/Rl+1/R2+1/R3.  (H45) 

8.  Mechanical:     This  fits  better  with  fluid.     We  did  not  do,   sub  the  slant 
board. 

Thermal:     Why  pipe?     Calorimeter   is  better  suited.  (#06) 

9.  Mechanical:     Lab    tent  smoothly.     Is  there  any  way  to  show  the  air  flow 
over  the  object,    like  in  a  wind  tunnel? 
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10.  Mechanical:     Good.     Somewhat  critical   to  set  up  and   ^et  to  op€>rate 
properly.  (^♦17) 

11.  Mechanical:     The  shapes  were  too  small  for  the  wize  of  the  plastic 
air  flow  apparatus,   so  results  were  not  even  discernable.     I  made  an 
airfuw  tube  ou<l  of  a  small  er  diameter  electrical  conduit  that  gave  ex** 
eel  lent  test  results. 

Electrical:     Took  a  little  longer  than  one  50-minute  period,   so  we 
reviewed  the  principles  as  a  group  during  the  2nd   lab  used  on   it.  (H18) 

12.  Mechanical:     No  answers  for  questions  in  4M2.     No  equipment  so  I  did 
as  a  demo  using  ''homemade"  equipment. 

Thermal:     No  answers  for  wrap  up  or  for  student  challenge.     At  least 
give  ball  park  figures  and  save  us  a  Ist  of  calculations.  (H42) 

13.  Mechanical:     Lab  did  not  work  with  spring  scale  suggested   in   lab.  I 
modified  lab  using  a  rubber  band  and  measured  distance  object  moved, 
but   it  was  still  small  movement.      I  was  unable  to  take  all  readings 
required. 

Fluid:     Readings  you  get  off  the  scale  of  th<?  graph  given  in  the  lab. 
Graph  should  be  changed. 


Electrical:     These  two  labs  could  be  combined. 

Thermal:  AT  should  =  not  on  page  161.  Water  did  not  have  sufficient 
time  to  boil  and  do  experiment.  ^^08) 

14.  Mechanical:     Not  done,   plastic  tube  not  available.  (#27) 

15.  Lack  of  equipment.  (tt40) 
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qqrnm^n^^  f^r  summary  Class 


1.     Summary  class  filled  the  time  well   reviewing  what  the  unit  was  all 
about,  <M13) 

2«     Flu  season  -  lots  of  absences  this  time.  (#62) 

3,  Use  of  the  medial  sumniary  every  few  units  is  good  both  pedagogical  ly 
and  mot i vat ional ly .  It  was  well  received,  as  was  the  entire  unit  in 
general .  (itSO) 

4.  They  were  excel  lent  •  (♦♦45) 

5*  Kind  of  repetitive.  Future  sumniary  could  include  a  machine  or  a  de- 
vice with  a  discussion  and  student  challenge  as  ending.  (ffl7) 

6.     Good.      I  personally  enjoy  the  student  exercises  at  the  end  of  the 

presented  material,   glad  to  see  you  making  them  more  challenging.  ({♦05) 
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Agency  for  Instructional  Technology 
Box  A 

Bloomington,  Indiana  47402 

Center  for  Occupational  Research  and  Development 
601  C  Lake  Air  Drive 
Waco,  Texas  76710 


AIT 

The  Agency  for  Instructional  Technology  is  a  nonprofit  American-Canadian 
organization  established  in  1973  to  strengthen  education  through  tech- 
nology.    In  cooperation  with  state  and  provincial  agencies,  AIT  develops 
instructional  materials  using  television  and  computers •     AIT  also  acquires 
and  distributes  a  wide  variety  of  television  and  related  print  materials 
for  use  as  major  learning  resources •    It  makes  many  of  these  materials 
available  in  audiovisual  formats.    From  April  1973  to  July  1984,  AIT  was 
known  as  the  Agency  for  Instructional  Television.    Its  predecessor  or- 
ganization. National  Instructional  Television,  was  founded  in  1962.  AIT's 
main  offices  are  in  Bloomington,  Indiana. 

CORD 

The  Center  for  Occupational  Research  and  Development  is  a  nonprofit  or- 
ganization established  to  conduct  research  and  development  activities  and 
to  disseminate  curricula  for  technical  and  occupational  education  and 
t?'aining.    CORD  has  developed  over  36,000  pages  of  instructional  materials 
for  technicans  on  14  major  curriculum  projects  in  advanced  technology 
areas.    This  includes  the  Unified  Technical  Concepts  course  on  which 
Principles  of  Technology  is  based.    These  projects  were  sponsored  by  con- 
tracts with  federal  and  state  agencies,  and  by  industrial  support  from 
the  private  sector.    The  products  developed  by  C^RD  are  used  in  technical 
institutes,  community  colleges,  vocational  high  w.hools  and  industry 
training  programs.    CORD  has  been  tailoring  educational  programs  to  meet 
workforce  needs  for  10  years.    The  CORD  office  is  in  Waco,  Texas. 
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Pxn^noiples  of  Technology  is  an  applied  science  course  for  high 
school  vocational  students  that  is  being  developed  collaboratively  by 
the  Agency  for  Instructional  Technology  (AIT),  the  Center  for 
Occupational  Research  and  Development  (CORD),  and  a  consortium  of  35 
state  and  provincial  education  agencies  (see  Appendix  A  for  a  list  of 
cooperating  agencies).    The  course    consists  of  14  units,  each  focusing 
on  a  principle  that  underlies  today's  technology*    Each  unit  consists 
of  a  student  manual,  a  teacher's  guide,  hands-on  laboratories,  and 
video  programs. 

The  entire  project  is  being  developed  with  the  help  of  a  formative 
evaluation  process  that  systematically  collects  data  from  members  of  a 
special  review  team  (see  Appendix  B) ,  from  consortium  representatives, 
and  from  teachers  and  students  at  classroom  pilot  test  sites.    The  review 
team  reviews  preliminary  drafts  of  the  instructional  materials  before  they 
are  sent  to  consortium  representatives  and  pilot  test  sites.  Consortium 
representatives  review  the  materials  concurrently  with  the  classroom 
pilot  testing.    The  data  from  all  sources  —  review  team,  consortium 
representatives,  and  pilot  sites  —  are  analyzed  and  reported  to  the 
developers,  who  use  these  findings  lo  revise  the  materials. 

Thus,  an  important  part  of  the  overall  formative  evaluation  is  a 
pilot  test  of  each  unit  in  actual  classroom  settings.    The  primary 
purposes  of  the  pilot  test  are:     1)     to  determine  how  well  the  materials 
are  working,  and  2)     to  identify  specific  problems  with  the  materials 
All  pilot  test  teachers  were  oriented  to  the  Principles  of  Technology 
course  and  to  the  pilot  test  procedures  at  one  of  two  meetings  held  in 
Dallas  the  summer  of  1984« 
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This  report  details  the  findings  of  the  pilot  test  of  Unit  5:  ENERGY. 
The  report  makes  some  comparisons  of  these  findings  with  those  for  Units 
1,  2,  3,  and  4,  which  are  contained  in  separate  reports  (see  "Unit 
1:    FORCE  ~  Pilot  Test  Findings,"  December  18,  1984;  "Unit  2:    WORK  ~  Pi- 
lot Test  Findings,"  March  1,  1985;  "Unit  3:    RATE  —  Pilot  Test  Findings," 
May  6,  1985;  and  "Unit  4:    RESISTANCE  ~  Pilot  Test  Findings,"  May  29, 
1985).    Finally,  it*s  important  to  remember  that  the  data  in  this  report 
are  formative  data*    The  developers  are  using  the  data,  along  with 
reactions  of  the  review  team  and  consortium  representatives,  as  a  basis 
for  revising  the  materials. 
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Pilot  Test  Procedures 

Unit  5:    ENERGY  pilot  test  materials  were  mailed  to  the  teachers  in 
mid-December  1984.    These  materials  consisted  of: 

1)  Pretest/Posttests  (see  Appendix  C)<, 

2)  Computerized  scoring  sheets  for  the  pretest/posttests. 

3)  Student  attitude  questionnaires  (see  Appendix  E) . 

4)  Teacher  questionnaires  (see  Appendix  F). 

Teachers  adminis::ered  the  pretest  before  any  teaching.    As  they  taught 
the  unit,  teachers  recorded  their  reactions  to  the  unit  on  a  detailed 
questionnaire.    At  the  conclusion  of  the  unit,  teachers  administered 
the  same  test  as  a  posttest  along  with  the  student  attitude  questionnaires < 
All  Unit  5  evaluation  materials  were  then  mailed  back  to  AIT.  Data 
contained  in  this  report  include  all  materials  received  by  June  1985. 


ERIC 


3i9 


-4- 


Limitations  of  the  Methodology 


Two  major  limiting  factors  must  be  considered  when  the  findings 
are  interpreted:     research  design  and  external  variables  beyond  the 
project's  control. 
Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  considered,  including: 

*  Lack  of  matched  control  groups. 

The  design  allows  one  to  draw  conclusions  only  about  the  Principles 
of  Technology  course,  but  not  to  compare  these  results  to  other 
comparable  teaching  methods.    The  costs  in  terms  of  time,  resources, 
and  further  administrative  impositions  on  the  pilot  test  schools 
prohibited  the  establishment  of  matched  control  groups.     It's  also 
difficult  to  Tsatch  Principles  of  Technology  to  other  courses.  Would 
they  be  physics  courses  or  vocational  courses?    Thus,  in  addition  to 
the  fiscal  and  administrative  constraints,  the  matching  process  it- 
self would  be  problematic. 

*  The  pretest/posttest  format. 

The  same  test  was  used  for  both  the  pretest  and  the  post  test.  The 
effect  that  memory  of  the  pretest  might  have  on  posttest  performance 
was  another  concern.    The  research  design  addressed  this  concern  in 
three  ways: 

1)  Students  were  not  given  the  correct  answers  to  the  pretest.  The 
effect  of  memory  was  limited,  immediately,  to  the  nature  of  the 
questions  without  accompanying  knowledge  of  the  correct  answers. 

2)  The  posttest  was  administered  more  than  one  month  after  the  pre- 
test.   In  the  intervening  time  students  had  many  experiences, 
both  academic  and  personal,  that  would  mitigate  the  effects  of 
memo  ry . 

3)  A  correlated  t-test  was  used  to  analyze  the  pretest/posttest 
data.  This  technique  helps  to  partial  out  any  variance  that 
might  result  from  an  intruding  correlation  —  in  this  case  memory, 

*  The  pretest/posttest  as  an  instrument  (see  section  on  development  of  the 
instrument,  page  6). 

The  test  cannot  measure  all  objectives.    Therefore,  objectives  had  to 
be  sampled.    Also,  the  items  do  not  always  directly  match  the  in- 
tended objectives.    The  test  was  a  cognitive  test.     Many  of  the  ob- 
jectives (particularly  the  lab  objectives)  are  psychomotor  objectives. 
One  must  consider  each  of  these  factors  when  assessing  the  validity 
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of  the  instruments    It's  important  to  remember,  however,  that  the 
test  is  but  one  of  several  means  being  used  to  assess  the  unit. 

External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the 

results.    Among  these  factors  are: 

*  Equipment  problems. 

As  with  the  previous  units,  several  teachers  reported  problems  in 
securing  necessary  lab  equipment. 

*  Student  characteristics. 

Teachers  and  students  have  reported  what  appears  to  be  considerable 
variability  in  the  kinds  of  students  in  the  course.    This  variability 
encompasses  students'  academic  backgrounds,  ability  levels,  and  socio- 
economic levels.    The  project  has  made  no  attempt  to  control  these 
variables . 

*  Teaching  pattern. 

Teachers  report  considerable  variability  in  the  length  of  classes 
and  number  of  class  sessions.    The  project  has  made  no  attempt  to 
control  these  situations,  but  has  instead  attempted  to  assess  their 
impact  on  the  instructional  outcomes. 

So,  both  research  design  and  external  constraints  must  be  considered 
when  the  results  are  interpreted.    It's  important  to  remember  that  the 
pilot  test  was  designed  as  a  part  of  the  overall  formative  evaluation,  not 
as  rigidly  controlled  research.    Nonetheless,  the  validity  of  the  various 
data  collection  procedures  must  be  considered. 


-6- 


S ample 


The  sample  included  388  students  in  22  siwes*    Student  characteristics 

included: 
t 

*  Grade 

10  =  13%      11  =  63%      12  =  24% 

*  Sex 

Male  =  79%      Female  =  21% 
Teacher  characteristics  included: 

*  Physics  background. 

As  with  previous  units,  there  was  a  wide  range  in  the  teachers •  physics 
background;  11%  reported  no  college  physics  courses;  22%  reported  one 
college  physics  course;  28%  reported  2-4  college  physics  courses;  11% 
reported  5-7  college  physics  courses;  and  28%  reported  8  or  more 
college  physics  courses • 

"  Mathematics  background. 

All  teachers  (100%)  reported  having  had  2  or  more  college  mathematics 
courses;  several  (50%)  have  had  5  or  more  college  mathematics  courses. 

*  Teaching  pattern. 

About  half  (47%)  taught  Principles  of  Technology  c-n  consecutive  days. 
Most  (90%)  taught  sessions  that  were  60  minutes  or  shorter.  Over 
half  (71%)  indicated  that  they  had  combined  several  classes  into  one 
session. 

*  Preparation  time. 

The  majority  (79%)  indicated  they  spent  60  minutes  or  less  preparing 
to  teach  each  subunit  on  ENERGY. 

Since  the  sample  seems  to  have  stabilized  at  about  22  sites  that 
are  roughly  on  schedule,  it's  not  surprising  that  the  student  and  teacher 
demographics  were  similar  to  those  for  prior  units. 


t  Due  to  missing  data,  the  pretes t/pos ttes t  student  demographics  don't 
match  the  student  attitude  demographics. 

322 

ERIC 


Pretest/Posttest  as  an  Instrument 


To  understand  the  results,  one  must  first  understand  the  character- 
istics of  the  test  as  a  measurement  instrument,  including  the  process 
by  which  the  test  was  developed  and  what  statistical  analyses  reveal 
about  the  reliability  and  Validity  of  the  instrument. 

Over  60  test  questions  were  initiated  at  CORD  by  the  content  special- 
ists.   In  a  collaborative  process  between  evaluators  and  content  special- 
ists these  questions  were  pruned  and  revised  to  the  eventual  35  questions. 
Each  item  is  tied  as  directly  as  possible  to  a  specific  objective  from 
Unit  5.    The  item/ objective  match  is  not  always  exact.    It's  impossible 
to  match  items  exactly  to  some  objectives  because  of  the  way  those  objec- 
tives are  worded  ("recognize,"  "define,"  etc.).    It*s  important  to  remember 
that  the  instrument  is  attempting  to  measure  manifestations  of  learning, 
and  that  approximations  of  objectives  are  often  the  best  that  cognitive 
test  developers  can  do.    With  only  35  items,  not  all  objectives  could  be 
tested.    Therefore,  objectives  had  to  sampled.    Generally,  priorities  for 
this  sampling  were  based  on  the  relative  importance  of  the  concepts. 
(Appendix  C  lists  the  objective  each  item  is  intended  to  address  above  the 
item. ) 

So,  is  it  a  "good"  test?    Generally,  instruments  are  judged  based  on 
reliability  (consistency,  accuracy,  dependability)  and  validity  (roughly, 
is  it  measuring  what  you  think  it*s  measuring?).    The  reliability  (Spearman- 
Brown  test  of  internal  consistency)  of  this  instrument    is  ,89,  which  is 
acceptable  by  most  standards.    Validity  is  a  bit  more  complicated  to  judge. 
Readers  are  encouraged  to  make  their  own  judgments  about  the  validity  of 
the  instrument.    Pertinent  questions  include: 

1)    Do  the  items  adequately  address  the  intended  objectives? 
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2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  5's  instruction? 
It  should  be  point:ed  out  that,  in  examining  the  pretest/posttest 

results  for  each  of  the  first  four  units,  the  developers  and  evaluators 
encountered  a  few  items  in  each  unit  (no  more  than  three  per  unit)  that 
they  considered,  for  various  reasons,  to  be  poor  i terns •    Of  course  there 
is  always  wisdom  in  hindsight.    Ideally,  each  of  these  instruments  would 
itself  be  pilot  tested.    However,  the  project's  schedule  precludes  the 
luxury  of  pilot  testing  the  instrumentation.    Therefore,  even  with  care- 
ful planning,  it's  probably  inevitable  that  a  few  poor  items  will  be  in- 
cluded in  each  test* 
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Pretest/Posttest  Results 


Several  different  analyses  of  the  pretest/posttest  have  been  conducted. 
The  reader  should  keep  in  mind  that  all  reported  numbers  are  mean  scores 
on  the  test,  which  contained  35  items. 
Mean  Differences 

The  overall  pretest  mean  was  13»26.  The  overall  posttest  mean  was 
22.66«  This  increase  was  statistically  significant  (correlated  t- 
test)  at  the  .01  levelw 

The  level  of  statistically  significant  learning  gain  (♦01)  is 
consistent  with  gains  shown  for  Units  l-4«    Table  1  compares  the 
pretest/posttest  scores  for  Units  1-5. 

Table  1 

Unit  Number  of  Items  Pretest  Mean  (%  correct)  Post test  Mean  (%  correct) 

1  30  12.5  (41%)  20.1  (67%) 

2  33  13.6  (41%)  17.6  (53%) 

3  30  14.9  (49%)  19.4  (65%) 

4  36  16.4  (46%)  24.4  (68%) 

5  35  13.2  (38%)  22.6  (65%) 

Thus,  Units  1,  4  and  5  had  fairly  consistent  pretes t-to-posttes t 
learning  gains  in  terms  of  percentage  correct.    Learning  gain  in  Units 
2  and  3,  while  somewhat  lower,  was  still  statistically  significant  in- 
dicating that  a  change  in  the  students*  knowledge  level  has  occurred  in 
each  unit. 
Individual  Items 

For  each  unit  the  project  team  has  established  criteria  for  acceptable 
performance  on  each  test  item*    These  criteria  included  either: 

1)  70%+  correct  on  an  item  or 

2)  doubling  of  the  pretest  score  on  the  posttest. 

In  examining  the  Unit  5  items  against  these  criteria,  the  results  are: 

70%+  or  doubling  of  percentage  correct  -  1,  2,  3,  4,  5,  7,  8,  9,  10, 


ERLC 


QO:r 


-lo- 


ll, 14,  15,  18,  19,  21,  26,  27,  28,  29,  32,  33,  36 

Less  than  70%  and  no  doubling  of  percentage  correct  -  6,  I25  13,  16, 
17,  20,  22,  23,  24,  25,  30,  31,  35 

Because  this  is  a  formative  evaluation  effort  designed  to  improve  the 

materials,  it  has  proved  particularly  useful  to  examine  the  content  of 

the  items  on  which  students  performed  part"^ cularly  poorly.    First,  let*s 

examine  the  items  according  to  subunits, 

Mechanical/Fluid  I  —  Two  of  eight  items  did  not  meet  criteria. 
Mechanical/Fluid  II  —  Three  of  six  items  Gi.d  not  meet  criteria. 
Electrical  —  Four  of  nine  items  did  not  meet  criteria. 
Thermal  —  Three  of  six  items  did  not  meet  criteria. 
Overview  —  One  of  six  items  did  not  meet  criteria. 

Thus,  students  performed  least  well  on  the  Mechanical/Fluid  II  and  Thermal 

subunits. 

In  the  kinds  of  items  on  which  students  performed  poorly,  there  con- 
tinues to  be  consistency  fro..i  the  first  three  units.    These  items  included: 

1)  Selected  terms.    Both    th<i  Electrical  and  Thermal  subunits  had 
some  tenns  that  seemed  to  cause  students  trouble. 

2)  SI/English  units.    These  have  been  troublesome  items  for  students 
on  each  of  the  first  five  units. 

3)  Mathematical  items.    Again,  through  the  first  five  units,  students 
have  exhibited  ongoing  problems  with  items  chat  require  manipulation 
of  formulas. 

Students  performed  satisfactorily  on  items  related  to  the  unit's  broad 
concepts.    However.,  the  detailed  terms,  units,  and  mathe  ..atical  computations 
caused  students  the  most  problems.    These  findings  at_  generally  consistent 
with  the  findings  for  tl  ^  first  four  units* 
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Pretest/Posttest  by  Selected  Variables 


The  impact  of  several  variables  on  students*  test  performance  was 
examined  including: 

1)  Student  characteristics. 

a)  sex 

b)  grade 

2)  Teaching  pattern. 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  backgroundo 

a)  physics  background 

b)  mathematics  background 

These  variables  were  analyzed  with  an  analysis  of  covariance,  which 
controlled  for  pretest  scores.    Table  2  examines  the  results  of  this 
analysis;  all  means  reported  in  Table  2  are  for  the  posttest. 
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Table  2 
Level  of 


Main  Effect  Si 

gnif icance 

Subset 

Mean  Score 

Sex 

.02 

Boys  (282) 

23.04 

Girls  (76) 

21.28 

02 

XV/ Lit    \yj\J  / 

90   1  7 

ZZ  .  oU 

12th  (74) 

24.26 

LcaCllJLll^^    Ull    VUnS  cCliuX  Vc  UayS 

xes  ^ / ) 

00  O"* 

ZZ .  J/ 

No  (94) 

23.57 

iiJLlIU                          W  X  do  s 

ni 

Z5  .  t)D 

00  AO 
ZZ  .  hZ 

0       A  7 
Z5  .t*  / 

Combining  Sessions 

.02 

Yes  (69) 

25.61 

LN O    \  jLc.) 

00  Ci*^ 

ZZ  .u^ 

m 

iNo  Classes  ^ 

OA  on 
z^.  zu 

1  c las s 

0  'I    7  A 

^  H  c las ssc»  vi^^^ 

00  AQ 

ZZ  .  HO 

5-7  classes  (66) 

19.38 

8+  classes  (66) 

23.83 

Teacher's  Mathematics  Background 

oOl 

No  classes  ( — ) 

1  class  ( — ) 

2-4  classes  <281) 

21.83 

5-7  classes  (34) 

27.29 

8+  classes  (66) 

23.83 

Table  3  examines  these  variables  for  each  of  the  first  five  units.  As 
Table  3  indicates,  student's  sex  and  grade  did  not  have  a  consistent  impact 
on  their  test  scores.    The  teaching  pattern,  including  length  of  class 
period,  teaching  on  consecutive  days,  and  combining  activities,  has  con- 
sistently had  a  significant  impact  on  students'  test  scores.     It  appears 
froTi  these  findings  that  class  \t  taught  on  consecutive  days  and  for  50-60 
minutes  constitute  the  optimal  teaching  pattern. 

The  effects  of  the  teachers'  physics  and  mathematics  backgrounds  on 
students'  scores  have  been  more  difficult  to  understand.  As  Table  3  in- 
dicates, the  teachers'  physics  background  has  consistently  been  a  significant 
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variable •    However,  the  relationship  has  not  been  linear;  as  the  teachers* 
physics  background  increased,  there  was  not  a  corresponding  increase  in 
students*  scores.    Therefore,  Table  3  labels  the  effects  of  the  teachers' 
physics  background  as  inconclusive.    The  teachers*  mathematics  background 
was  significant  for  three  units*    Therefore,  the  impact  of  the  teachers* 
mathematics  background  has  also  been  labeled  inconclusive* 
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PRINCIPLES  OF  TECHNOLOGY 
IMPACT  OF  SELECTED  VARIABLES  ON  TEST  PERFORMANCE 


UNIT/SIGNIFICANT 


VARIABLE 


I  \ 


OVERALL 
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Sex 
Gradv 
Consecutive  days 
Minutes  per  class 
Combining  sessions 
Physics  background 
Math  background 


No      No    Yes    Yes  No 


No 


No    Yes     No  No 


Yes     Yes    Yes    Yes  No 


Yes     Yes    Yes     No  Yes 


Yes     Yes    Yes     Yes  No 


Yes     Yes    Yes    Yes  Yes 


No     Yes    No     Yes  Yes 


Negligible 
Negligible 
Important 
Important 
Important 
Inconclusive 


Inconclusive 


H 
cr 


4> 

1 
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Pretest/Posttest  Results  by  Site 

The  attached  graph  (Appendix  D)  indicates  the  pretest/posttest  re- 
sults by  site.    Twenty-one  sites  showed  statistically  significant  (.01 
level)  increases;  one  site  showed  no  statistically  significant  gain.  Table 
4  examines  the  number  of  sites  showing  no  statistically  significant  gains 
for  each  of  the  first  five  units. 

Table  4 


Unit  Sites  Showing  No  Significant  Gains 

1  1 

2  4 

3  4 

4  0 

5  I 


These  findings  are  very  interesting.    At  this  time  there  appear  to  be 
several  plausible  explanations  for  the  i.nordinate  number  of  sites  showing 
statistically  non-significant  learning  gains  in  Units  2  and  3,  and  the 
dramatic  drop  thereafter.    Possible  explanations  include: 

—  Variance  may  be  caused  by  the  tests.    Some  may  be  more  difficult 
than  others . 

—  Random  variance. 

—  Teachers  may  be  becoming  more  comfortable  and  adept  at  teaching 
the  material. 

—  There  may  be  transfer  of  learning  across  the  first  five  units. 

—  The  school    schedule.     It  seems  likely  that  Units  2  and  3  had  long- 
er intervals  from  pretest  to  posttest  because  of  holidays. 

—  A  combination  of  the  above  factors. 

Thus,  with  the  exception  of  Units  2  and  3,  the  vast  majority  of  sites  have 
shown  significant  gains  on  each  unit. 


332 


-16- 


Student  Attitude  Findings 


The  student  attitude  findings  (Appenuix  E)  indicated: 

The  majority  of  students,  (63%)  liked  the  ENERGY  Unit  either  a  lot 
(16%)  or  a  little  (47%). 

The  most  appealing  components  were  the  video  programs  (32%)  and  the 
hands-on  labs  (25%).  These  were  also  the  most  appealing  components 
for  the  first  four  units. 

The  least  appealing  components  were  the  mathematics  labs  (34%)  and  the 
written  material  (24%).    Again,  these  were  also  the  least  appealing 
components  for  the  first  three  units. 

More  than  half  the  students  said  some  (52%)  or  most  (16%)  of  the 
material  was  difficult  for  them  to  understand. 

As  they  did  with  Units  3  and  4,  some  students  indicated  that  the  most 
difficult  components  for  them  to  understand  were  the  mathematics  labs 
(38%)  and  the  written  material  (21%).    They  indicated  that  the  least 
difficult  component  for  them  to  understand  was  the  video  urograms 
(45%).     (Note:    Items  addressing  the  perceived  difficulty  of  the 
components  were  not  included  for  Units  1  and  2.) 

Most  students  (77%)  indicated  that  they  thought  the  material  in  the 
ENERGY  unit  was  important  for  them  to  understand. 

Table  5  examines  the  student  attitude  findings  from  the  first  five 

units  on  three  important  variables  —  appeal,  difficulty,  and  perceived 

importance.    As  Table  5  indicates,  the  attitude  findings  for  Units  1  and  2 

were  somewhat  more  positive  than  for  Units  3-5.    However,  the  student 

attitude  findings  for  all  five  units  would  still  have  to  be  characterized 

as  fairly  positive.    Students  found  each  of  the  units  moderately  appealing, 

few  (16%)  indicated  that  most  of  the  material  was  difficult  to  understand, 

and,  perhaps  most  important,  most  continue  to  affirm  the  importance  of  the 

material  they  are  covering. 
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PRINCIPLES  OF  TECHNOLOGY 
STUDENT  ATTITUDES 
UNITS  1-5 


UNIT/FINDING 


CATEGORY 

1 

2 

3 

4 

5 

Liked  ^  lot  or  a  little) 

80% 

76% 

62% 

68% 

63% 

Difficult  (most) 

8% 

8% 

18% 

11% 

16% 

Important  (/ery  or  sort  of) 

89% 

87% 

77% 

80% 

77% 
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Teacher  Results 


Questionnaires  were  received  from  21  teachers  (due  to  team  teaching, 
the  number  of  sites  and  the  number  of  teachers  are  not  equal).  Appendix 
F,  which  lists  the  detailed  teacher  comments,  should  be  examined  care- 
fully, because  the  wealth  of  data  contained  in  these  comments  is  difficult 
to  encapsulate.    Overall,  the  teacher  findings  included: 

*  Teacher  comfort* 

Almost  ail  teachers  (88%)  indicated  that  they  felt  comfortable 
teaching  the  material  in  the  ENERGY  unit. 

*  Time. 

Most  (83%)  indicated  that  the  6-day  plan  of  50-minute  class  sessions 
per  subunit  is  a  realistic  time  allotment.    Two  teachers  indicated 
that  some  of  ♦•^s  hands-on  labs  required  more  than  50  minutes  to  set 
up,  conduct,  diii  diLCJss.    This  is  consistent  with  the  findings  for 
the  first  four  units. 

*  Student  reading* 

Many  (77%)  indicated  that  their  students  may  not  be  doing  the  assigned 
readings  at  home.    This  disturbing  finding,  consistent  with  what 
67%  of  the  teachers  reported  for  Unit    3  and  what  72%  reported  for 
Unit  i^y  raiijes  a  quast-J/'^n:    Are  students  not  doing  the  assigned 
readings  ac  home  because  of  an  inherent  weakness  in  the  material  or 
because  of  their  own  constraints  (motivation,  time,  etc.)?  What- 
ever the  reasons,  several  teachers  indicated  that  they  allow  stu- 
dents ^i.,ne  t.   class  to  read  the  material. 

*  Unit  5  Compared  to  Units  1-4. 

The  majoritv  of  teachers  (59%)  indicate*.  t.hac  Unit  5  was  about 
the  same  as  Units  1-4.    However,  several  teachers  (35%)  indicated 
they  thought  Unit  5  was  worse  than  Units  1-4.    A  couple  of  those 
teachers  indicated  they  thought  there  was  too  much  mathematics  in 
the  unit  and  that  it  looked  like  "classic  physics." 

*  Teacher's  guide. 

Althought  most  teachers  (76%)  thought  th*  teacher's  guide  provided 
them  with  enough  information  to  implement  the  unit  successfully, 
several  (24%)  said  the  guide  probably  did  not  contain  enough  infor- 
mation.   Generally,  those  teachers  commented  that  the  guide  should 
contain  more  details  on  problems  presented  in  the  text  and  on  "how 
to  set  up  the  labs". 
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*  Problems. 

To  the  question,  "What,  if  anything,  caused  you  the  most  problems 
in  teaching  the  unit  on  ENERGY?"  seventeen  teachers  responded. 
The  problems  reported  included: 

-  Hands-on  labs,  lack  of  equipment,  etc.     (12  teachers) 

-  Mathematics  labs.    Four  teachers  indicated  that  they  were  too 
difficult. 

Overall,  these  findings  are  consistent  with  what  teachers  reported 
for  Units  1-4.    The  hands-on  labs  continue  to  cause  teachers  the  roost 
problems.    However,  teachers  continue  to  affirm  the  appropriateness  of 
most  of  the  material  for  their  students.    Finally,  many  specific  recom- 
mendations for  changes  are  contained  in  the  teacher's  comments;  these  are 
carefully  examined  by  the  developers. 
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Again,  it  is  important  to  remember  that  the  entire  pilot  test  is 
part  of  the  overall  formative  evaluation  process.    Data  are  being  col- 
lected from  the  consortium  review  team,  consortium  representatives,  and 
from  teachers  and  students  at  the  pilot  test  sites.    These  data  are  then 
used  as  a  basis  for  revising  the  materials.    Ce^^tainly,  this  report 
contains  much  useful  information.    Some  of  the  key  findings  include: 

1)  Overall,  a  statistically  significant  (.01  level)  learning  gain 
took  place.    This  learning  gain  was  independent  of  students' 
grade  and  sex. 

2)  Students  performed  least  well  on  test  items  dealing  with  mathe- 
matics and  Sl/English  units.    These  types  of  items  also  proved 
troublesome  to  students  on  the  first  four  units. 

3)  Student  attitudes  were  generally  positive.    The  attitude  findings 
for  Units  3-5  were  similar.    All  were  lower  than  those  for  Units 

1  and  2. 

4)  Teachers  affirmed  the  appropriateness  of  most  of  the  material 
for  their  students.    Again,  this  is  consistent  with  the  findings 
for  the  first  four  units. 

5)  Teachers'  comments  indicated  that  the  most  problems  were  encountered 
with  the  hands-on  labs.    Again,  this  is  consistent  with  the  find- 
ings for  the  first  four  units. 

6)  Teachers  recommended  many  specific  changes. 

Overall,  these  data  were  very  consistent  with  the  data  for  Units  1-4. 
As  a  formative  evaluation  effort,  this  report  gives  many  indications  of 
necessary  revisions.    The  revisions  should  probably  focus  on  the  same 
areas  suggested  for  Units  1-4  —  the  hand^  on  labs  and  the  mathematics 
labs. 
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Appendix  A 
Participating  Agencies 


Alaska  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 

Vocational  and  Technical  Education  Division 

California  State  Department  of  Education 
Division  of  Vocational  Education 

Florida  Department  of  Education 

Division  of  Vocational  Education  and  Office 
of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 

Department  of  Adult,  Vocational  and 
Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

Kansas  State  Department  of  Education 

Community  College  and  Vocations*  Education 
Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 

Maine  State  Department  of  Educational  and 
Cultural  Services 

Bureau  of  Vocational  Education/Division 

of  Program  Services 

Maryland  State  Department  of  Education 

Division  of  Vocational/Technical  Education 
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Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intermediate  School 
District  916 

Mississippi  State  Department  of  Education 
Vocational-Technical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

North  Carolina  State  Department  of 
Public  Instruction 

Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational 
Education 

Ohio  Department  of  Education 

Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Educatio-n 

TVOntario 

Oregon  Department  of  Education 

Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  of  Education 

Division  of  Adult  and  Vocational-Technical 
Education 

Virginia  Department  of  Education 
Vocational  and  Adult  Education 

West  Virginia  State  Department  of  Education 
Bureau  of  Vocational,  Technical  and  Aduit 
Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  Vocational  Education 
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Appendix  B 
Content  I^eview  Team 


Jon  Buschko 
Techni  al  Instructor 
Intel  Corporation 
Chandler,  Arizona 

Dick  Cassel 

Office  of  Press  and  Communications 
Pennsylvania  Department  of  Education 
Harrisburg,  Pennsylvania 

Dr.  Joe  Exline 

Associate  Director  of  Science 
Virginia  Department  of  Education 
Richmond,  Virginia 

Dr.  Darreil  Parks,  Director 
Division  of  Vocational  Education 
Ohio  Department  of  Education 
Columbus,  Ohio 

Hobert  Patton 

Coordinator  of  Instructional 

Materials  Center 
Oklahoma  Department  of  Education 
Stillwater,  Oklahoma 

Dr.  Philip  Rollain 

Project  Coordinator 

North  Carolina  Department  of  Public 

Instruction 
Raleigh,  North  Carolina 

Margaret  Sentif 
Teacher 

Hinds  Junior  College 
Rankin  Center 
Pearl,  Mississippi 

Don  Torney 

Superintendent  of  Youth  Programming 

TVOntario 

Toronto,  Ontario 

Jim  Wilson 

Assistant  Superintendent 

Francis  Tuttle  Area  VOTech  Center 

Oklahoma  City,  Oklahoma 
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PRINCIPLES  OF  TECHNOLOGY 
Unit  V:  ENERGY 
Student  Test 


Pre 

Post 

0-1 

1. 

IVhen  a  mechanical,  fluid,  electrical  or  thermal  system  nas  energy. 

14 

7 

a. 

the  energy  is  always  in  the  form  of  heat  energy. 

13 

3 

b. 

the  energy  is  always  converted  to  useful  work  with  an  efficiency  of  100%, 

63 

81 

*  c. 

part  of  the  energy  can  be  used  by  the  system  to  do  work. 

in 

Q 

d. 

both  a  8  b. 

0-2 

2. 

The 

potential  energy  of  an  object 

21 

9 

a. 

increases  when  its  speed  increases. 

25 

6 

u . 

orten  cnanges  wnen  its  position  or  snape  cnanges* 

22 

■21 

C. 

can  be  stored  for  use  at  a  later  time. 

OJ 

*  d. 

both  b  8  c. 

0-3 

3. 

The 

kinetic  energy  of  an  object 

61 

83 

*  a. 

is  energy  of  motion. 

12 

4 

b. 

cannot  be  used  to  do  work  on  another  object 

14 

5 

c. 

is  present  in  a  stretched  spring  that  is  nor  moving. 

14 

8 

d. 

is  always  equal  to  the  potential  energy  of  the  object. 

0-4 

4. 

The 

law  of  conservation  of  energy  implies  that 

23 

13 

a. 

potential  and  kinetic  energy  are  al\xays  completely  changed  to  useful  work 

in  an  energy  system. 

44 

69 

*  b. 

the  total  energy  of  a  system  remains  constant,  if  all  forms  of  energy 

are  considered. 

22 

12 

c. 

losses  do  not  occur  when  energy  changes  from  one  form  to  another. 

10 

6 

d. 

all  heat  energy  is  wasted. 

0-4 

5. 

Which  of  the  following  statements  is  false? 

16 

9 

a. 

When  work  is  done  on  a  system,  energy  is  given  to  the  system. 

18 

8 

b. 

When  a  system  has  energy,  part  of  that  energy  can  be  used  by  the  system 

to  do  useful  work. 

51 

75 

*  c. 

When  work  is  done  on  a  system,  only  potential  energy  can  be  given  to  the 

system. 

15 

9 

d. 

When  we  expend  (use)  energy  to  do  work,  the  work  we  do  may  result  in  a 

different  form  of  energy. 

6. 

Which  of  the  following  units  is  not  a  unit  of  energy  or  work? 

17 

19 

a. 

a  British  thermal  unit  (Btu) 

30 

13 

b. 

a  foot-pound  (ft -lb) 

28 

47 

*  c. 

a  joule  per  second  (j/sec) 

25 

21 

d. 

a  calorie  (cal) 
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75 
31 
39 


11 
21 
10 
58 


MFI,  1  &  4  ,      J  ^ 

The  following  items  in  the  left-hand  column  are  related  to  the  type  of  energy  de- 
scribed in  the  right-hand  column.    On  your  answer  sheet  fill  in  the  letter  of  the 
type  of  energy  that  corresponds  to  the  numbered  description  in  the  left-hand 
column. 


a  flywheel  that  is  spinning 


93     8.  B        a  stretched,  stationary  auto 

brake-return  spring 


67  9. 


74  10. 


11. 


3 
5 
3 
89 

12. 


a  pendulum  at  the  very  bot- 
tom of  its  swing 


-ored  behind  a  dam 


a.  gravitational  potential  energy 

b.  elastic  potential  energy 

c.  kinetic  energy  (translational) 

d.  kinetic  energy  (rotational) 


ft    ,  water 
MFI  2 

IVhat  is  the  gravitational  potential  energy  stored  in  a  200-lb  elevator  counter- 
weight hanging  60  ft  above  the  basement  in  an  elevator  shaft?  (Remember: 
Ep  =  wh) 

a.  60,000  ft. lb 

b.  33.33  lb/ft 

c.  16.66  lb/ft 

d.  120,000  ft' lb 
MFI,  3 

A  spring  is  compressed  4  inches  by  a  force  of  10  lb.    If  the  spring  constant 
k  =  F/d,  what  is  the  amount  of  elastic  potential  energy  that  i"?  stored  in  the 
spring  when  it  is  compressed  6  inches?    (Remember:    E    =  l/2kd^) 


16 

10 

a.  90 

42 

63 

*  b.  45 

26 

16 

c.  7.2 

16 

11 

d.  2.4 

MFI,  5 

13. 


How  much  kinetic  energy  does  the  automobile  possess?  (Remember: 


Ej^=l/2niv-) 


18 

10 

a.     115,813  M«m 

26 

16 

b.     231,624  M.m 

39 

65 

*  c.    423,762  M.m 

18 

10 

d.     848,231  M.m 

MFI,  6 

14.    Potential  energy  of  an  object  may  be  found  by  measuring 

23 

7 

a.    the  elastic  constant  k  and  the  object's  speed. 

31 

63 

*  b.    the  work  done  to  raise  the  object  some  height  above 

22 

8 

c.    the  distance  the  object  moves  in  a  given  time. 

23 

22 

d.    the  mass  and  speed  of  the  object. 

MFII,  1 

IS. 


above  a  reference  level. 


is  distributed  around 


a  specified  axis. 


34 

72 

18 

3 

33 

15 

15 

5 

ERIC 

*  a.  mass 

b.  kinetic  energy 

c.  rotational  speed 

d.  potential  energy 
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MFII,  2 

16.    The  moment  of  inertia  for  a  solid-disk  flywheel  is  calculated  from  the  for- 
mula I  =  1/2  mr^.    IVhat  is  the  kinetic  energy  stored  in  a  100-kg  flywheel 
of  0.4  radius  that  is  rotating  at  600  rpm  (62.8  rad/sec)?    (Remember:  Ej^=l/2Iaj2) 


27 

47 

*a. 

15,775  N-ra 

30 

21 

b. 

31,752  N-m 

30 

24 

c. 

46,628  N«m 

14 

9 

d. 

63,504  N'm 

22 

20 

30 

19 

37 

53 

12 

8 

14 

2 

21 

11 

16 

9 

49 

78 

MFII,  3 

17.  In  fluid  systems,  fluid  mass  is  raised  to  increase  potential  energy  or  moved 
faster  to  increase  kinetic  energy.    In  the  energy  equations,  E  =mgh  and 

E, -l/2mv^,  the  fluid  in  mass  "m"  can  be  determined  if  ^ 

a.  the  displacement  and  volume  of  the  fluid  are  known. 

b.  the  volume  flow  rate  of  the  fluid  is  known. 

*c.    the  density  (p)  and  the  volume  (V)  of  the  fluid  are  known, 
d.    the  pressure  of  the  fluid  is  known. 
MFII,  4 

18.  Mechanical  methods  of  doing  work  introduce  energy  into  a  mechanical  system 
that  may  cause 

a.  potential  energy  to  be  stored. 

b.  energy  to  be  changed  from  one  form  to  another. 

c.  something  to  move. 
*d.    all  of  the  above. 

MFII,  5 

19.  An  object  has  2000  ft 'lb  of  potential  energy  at  a  height  20  ft  above  the 
ground.    By  the  conservation  of  energy  law,  this  would  mean  the  object 
possesses    as  it  falls  past  the  5-ft  height  above  the  ground. 


18 

12 

a. 

A  total 

energy  equal  to  the  kinetic  energy. 

31 

15 

b. 

A  total 

energy  equal  to  the  potential  energy. 

31 

21 

c. 

1500  ft 

•lb  of  potential  energy  and  500  ft*lb  of  kinetic  energy. 

21 

53 

*  d. 

1500  ft 

•lb  of  kinetic  energy  and  500  ft 'lb  of  potential  energy. 

MFII 

,  6 

20.  A  force  pushes  on  an  object,  causing  it  to  pick  up  speed  as  it  moves  along  a 
horizontal  surface.  Assume  that  friction  is  very  small.  The  kinetic  energy 
of  the  object  may  be  determined  completely  by  measuring 

33        56  *a.    the  work  done  by  the  force  to  move  an  object. 

29         22  b.    the  speed  of  the  object. 

24        16  c.    the  moment  of  inertia  of  the  object. 

14  6  (\    the  density  and  volume  of  the  object. 

El 

21.  Potential  energy  in  electrical  systems  is  stored 

when  charge  flows  through  an  electrical  device, 
when  a  voltage  drop  occurs  across  a  resistor  in  a  circuit, 
when  positive  and  negative  charges  are  separated  from  one  another  in  a 
capacitor. 

when  a  battery  is  discharged. 

22.  Capacitors  in  an  electrical  circuit 


19 

9 

a. 

24 

11 

b. 

43 

76 

*  c. 

14 

4 

d. 

E2 

3^4 

ele 

ERIC  -"ade  of  coils  of  wire  wrapped  around  an  iron  core. 


20  9  a.    oppose  current  flow. 

20  9  b.    always  allow  AC  current  to  flow  freely. 

Q     67         *  c.    smooth  out  voltage  changes  and  store  electrical  energy. 
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E3 

23  A 

43 

3.  • 

5 
J 

h 

•  22 

/ 

C* 

15 

29 

*d. 

21 

15 

e. 

E4 

one  farad. 

one  coulomb  divided  by  one  volt, 
a  unit  of  charge  divided  by  a  unit  of  voltage, 
all  of  the  above 
a  8  b  only. 

24.    How  much  potential  energy  is  stored  in  a  capacitor  rated  at  20  uf  C20xlO"5f) 
when  the  voltage  difference  is  100  volts?    [Remember:  Ep=l/2C(AV) 2] 


22 

47 

a. 

0. 10  joules 

28 

23 

*b. 

10.0  joules 

30 

20 

c. 

100.0  coulomb. volts 

20 

10 

d. 

0.0 I  coulomb* volts 

E5 

25.    Inductors  in  an  electrical  circuit 

26 

22 

a. 

are  made  of  parallel  conducting  plates  separated  by 

24 

10 

b. 

are  used  as  single-pole,  single-throw  switches. 

25 

11 

c. 

oppose  resistance  changes  and  store  heat  energy. 

26 

58 

*d. 

oppose  current  changes  and  store  electrical  energy. 

E6 

26.    Inductance  is  measured  in  units  of 


15 

4 

a. 

ohms 

-  45 

86 

*b . 

henries 

27 

7 

c. 

farads 

13 

4 

d. 

watts 

E5 

27.    Inductance  for  a  given  coil  depends  on 


16 

5 

a. 

the  core  material . 

24 

7 

b. 

number  of  loops  in  the  wire  coil. 

16 

5 

c. 

length  and  cross-sectional  area  of 

37 

80 

*d. 

all  of  the  above. 

6 

3 

e. 

none  of  the  above. 

E7 

28.    An  inductor  has  an  inductance  of  8  henries  and  draws  15  amps  of  current.  What 
amount  of  energy  is  stored  by  the  inductor?  fRerember:  E  =1/211^) 


27 

63 

*a. 

900  J 

31 

13 

b. 

1800  J 

27 

16 

c. 

600  J 

15 

7 

d. 

300  J 

E8 

29.  In 

electrical  systems,  work  is  done  to  store  energy  by 

-  19 

18 

a. 

moving  charge  from  one  plate  to  another  in  a  capacitor. 

20 

9 

b. 

pushing  charge  through  an  inductor. 

19 

7 

c. 

charging  an  automobile  battery. 

*  25 

50 

*d. 

all  of  the  above. 

17 

16 

e. 

age  only. 

Tl 

30.    When  work  is  done,  heat  energy  is  often  produced.    This  heat  energy 


15          7  ^.  may  be  totally  was\3d.  Q  '  tr 

32        24  b.  may  be  used  in  part  to  do  work  *^^0 

2  c.  is  never  of  concern  to  a  technician 

ERIC       65  *  d.  both  a  8  b 
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T2 

31.  The  mechanical  equivalent  of  heat  is 

28        27  a.    equal  to  the  mechanical  energy  expended  divided  by  the  heat  energy  produced.. 

24        14  b.    a  direct  conversion  between  mechanical  energy  and  heat  energy. 

24        19  c.    a  conversion  between  ft •lb  or  joules  of  work  to  Btus  or  calories  of  heat. 

22        40         *d.    all  of  the  above. 
T3 

32.  If  a  steel  ball  of  mass  2  kg  loses  300C^  of  temperature  when  dropped  in  a 
water  bath,  how  much  heat  is  transferred  to  the  water  if  the  specific  heat 
of  steel  is  0.11  kcal/(kg*C'')?    (Remember:  H=mcAT) 


18 

4 

a. 

11 

kcal 

30 

15 

b. 

33 

kcal 

AO 

76 

*c. 

66 

kcal 

12 

5 

d. 

T4 

9£ 

k~al 

33.    Heat  energy  is  not  transferred  by  the  process  of 


24 

7 

a. 

convection. 

41 

83 

*b. 

insulation. 

22 

6 

c. 

conduction. 

13 

5 

d. 

T5 

radiation. 

34.    Vfhen  a  change  of  state  of  a  material  —  such  as  water  to  ice — takes  place,  the 
heat  given  up  is  known  as 


29         57         *a.    latent  heat  of  fusion. 
23         10  b.    sensible  heat  of  vaporization. 

33         22  latent  heat  of  vaporization. 

15         11  d.    sensible  heat  of  fusion. 

T6 

35.    The  total  energy  of  a  system 


24  34  *a.  always  remains  the  same. 

26  22  b.  decreases  with  each  conversion  from  one  form  of  energy  to  another. 
22  23  c.  is  always  equal  to  the  kinetic  energy  plus  the  potential  energy. 

27  21  d.  depends  on  how  much  resistance  is  present  in  the  system. 


ERIC 


346 


IL- 
t- 

o 

(J 


c 

Q 

IL' 


.32 


30  - 


20  -i 


ZA-  - 


1  11 


20 

1  e.  -I 

1  - 
1  -1- 


P  P II!  C I P  L E £  C F  T  E  C I  ■  1 1  1   L'..: :  i 

Unit  Fi^^e-  -Pret'trst  -^i.  Poitl^:^! 


 JL 


-4  


1  r  T  f" 


Lib  99 


b2  -'Hi 


18      4  J 


I 

ro 
I 


o  347 
ERIC 


348 


Appendix  E 

n=363 

PRINCIPLES  OF  TECHNOLOGY 
UNIT  5:  ENERGY 
STUDENT  ATTITUDE  QUESTIONNAIRE 

Sex:    21     Female   jc^  Male 

Grade:    9  10  H     7d  12 

1.  Overall,  did  you  like  the  unit  on  ENERGY? 

16    yes,  a  lot  24  no,  not  very  much 

47^  yes,  a  little  15    no,  not  at  all 

2.  What  component    did  you  like  most  in  the  ENERGY  unit? 

6    the  written  material  25_  the  hands-on  labs 
52     the  video  programs  26_  no  preference 
 the  math  labs  5  =  more  than  one  component 

5.    What  component    did  you  like  least  in  the  ENERGY  unit? 

24     the  written  material  _7  the  hands-on  labs 

5     the  video  programs  26      no  preference 

54     the  math  labs  4  =  more  than  one  component 

4.  Overall,  was  the  material  that  was  covered  in  the  ENERGY  unit  difficult  for 
you  to  understand? 

16 yes,  most  of  the  material  was  difficult  for  me  to  understand 
52 yes,  some  of  the  material  was  difficult  for  me  to  understand 
52    no,  most  of  the  material  was  not  difficult  for  me  to  understand 

5.  Which  component  of  the  ENERGY  unit  was  the  most  r^ifficult  for  you  to  understand? 
21     the  written  material  _6  the  hands-on  labs 

J?  the  video  programs  26  no  component  was  particularly  difficult 

Z6  the  math  labs  7  =  more  than  one  component 

6.  Which  component  of  the  ENERGY  unit  was  the  least  difficult  for  you  to  under- 
stand? 

11  the  written  material  19      the  hands-on  labs 

45     the  video  programs  15  all  components  were  equally  difficult 

^_6  the  math  labs  4  =  more  than  one  component 

?•    Do  you  think  the  material  in  the  ENERGY  unit  is  important  for  you  to  under- 
stand? 

56 yes,  very  important  12  no,  not  very  important 

41    yes,  sort  of  important  11  no,  not  at  all  important 

8.    Do  you  have  any  comments  about  the  ENERGY  unit? 
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PRINCIPLES  OF  TECHNOLOGY 
Unit  V:  ENERGY 
Teacher  Qtiestionnaire 


1.    What  did  you  like  most  about  the  ENERGY  unit? 
See  attached  comments 


2.    What  did  you  like  least  about  the  ENERGY  unit? 
See  attached  comments 


3o    Overall,  how  would  you  compare  the  ENERGY  unit  to  units  1,  2,  3  and  4? 
6  better      59   about  the  same      55  worse 
If  worse,  why? 
See  attached  comments 


4.    In  terms  of  their  overall  impact  (instructional  effectiveness,  student  in- 
terest, manageability)  rank  each  of  the  components  of  the  ENERGY  unit  using 
the  following  scale: 

A  =  Excellent 
B  -  Good 
C  =  So-so 
D  =  Poor 
E  =  Terrible 

Place  the  letter,  corresponding  to  your  ranking,  next  to  each  component, 

A=:7;B=27;C=33 

A=5;B-79;C=16  student  handbook  D=20;E=15hands  on  labs 

A=31;B=55;C=16  videos  A=6;B=61;C=22teacher's  guide 

A=21;B=53;C^  math  labs  E=ll 
D=5;E=10 

Please  explain  any  C,  D,  or  E  rankings  and/or  list  any  other  comments  you 
have  about  the  components: 

See  attached  comments 


S.    Which  of  your  students  seem  to  be  the  most  successful  with  the  Unit  V 
material? 

81    above  average      19    average        ^   below  average 

Q  Cc:iunents: 
ERJ.C  See  attached  comments  ^OO 


-32- 


6.    Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  sub-unit, 
of  so-minute  class  sessions  is  realistic  for  the  ENERGY  sub-units? 

44    yes ,  definitely  11  no,  probably  not 

39    yes,  probably  ^  no,  definitely  not 

If  no,  please  explain: 
See  attached  comments 


7.    On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  in 
the  unit  on  ENERGY? 

21     0-30  minutes  91-120  minutes 

58     31-60  minutes    121-180  minutes 

16     61-90  minutes  181  or  more  minutes 


Comments : 

See  attached  comments 


8«    Overall,  did  you  feel  comfortable  teaching  the  materials  in  the  unit 
on  ENERGY? 

44  yes,  very  comfortable  11   no,  not  very  comfortable 

44     yes,  sort  of  comfortable   no,  not  at  all  comfort'\ble 

If  no,  please  specify: 

See  attached  comments 


9.    Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 

^6  definitely    17  probably    65  probably  not    12  definitely  not 

Comments : 

See  attached  comments 

10.    What,  if  anytning,  caused  you  the  most  problems  in  teaching  the  unit  on 
ENERGY? 

See  attached  comments 

35i 
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11.  Dc  vou  feel  the  Teacher's  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit? 

35     definitely    41  probably    18_  probably  not      6  definitely  not 

If  no,  what  should  be  added  to  the  guide  to  make  it  more  useful? 

See  attached  comments 

12.  Did  you  teach  Unit  V:  ENERGY  on  consecutive  days  for  26  days? 
47     yes    53  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 
See  attached  comments 


13.  How  much  time  per  session  did  you  teach? 

58  50  minutes  or  less  5  61-90  minutes 

32     51-60  minutes  i     91+  minutes 

14.  Did  you  combine  any  classes  into  one  session  (for  example,  teach  classes 
CI  and  C2  in  one  session)? 

71  yes 

If  yes,  which  classes  did  you  combine? 
See  attached  comments 


ERLC 


15.  How  many  physics  courses  did  you  take  in  college  (undergraduate  and 
graduate) ? 

]J      none  1_1  5-7 

22     1  28  8  or  more 

28  2-4 

16.  How  many  math  courses  did  you  take  in  college  (undergraduate  and 
graduate)? 

 none  17  5-7 

1  33     3  or  more 

50  2-4 

17.  Do  you  have  any  other  comments,  concerns  or  suggestions  for  the  unit  on 
ENERGY? 


See  attached  comments 


352 


-34- 


The  following  chart  lists  each  activity  for  the  unit  on  ENERGY  down  the 
left  coluinn*    Since  there  are  no  materials  specifically  for  the  sub-unit  re- 
view classes,  these  classes  have  not  been  listed  in  the  chart.    For  each  ac- 
tivity, you  should  respond  to  the  following  questions  by  circling  "yes"  or 
"no": 

1)  Were  the  materials  (readings,  labs,  or  videos)  appropriate  for  your 
students?    Was  the  material  at  the  right  grade  level?    Was  the 
amount  of  material  appropriate  for  your  students?    For  an    no  re- 
sponses, please  use  the  attached  pages  to  describe  your  concerns. 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction  in  the 
50-minute  time  period?    (Since  this  question  doesn^t  apply  to  the 
video,  no  response  options  have  been  provided  for  the  column. 
Please  do  respond,  however,  to  the  other  questions  about  the  video.) 
For  any  no  responses,  please  use  the  attached  pages  to  describe  why 
you  could  not  complete  the  material  and/or  what  you  chose  to  delete. 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?    For  any  yes 
responses,  use  the  attached  pages  to  specify  the  errors  and  recom- 
mended corrections. 

4)  Were  there  any  problems  managing  the  activity?    For  the  labs, 
were  all  your  students  able  to  rotate  through  the  labs?  Did 
you  experience  any  problems  coordinating  the  labs?    Did  you  ex- 
perience any  problems  setting  up  or  tearing  down  the  labs?  Did 
you  experience  any  problems  coordinating  the  activity?    For  any 
yes  responses,  use  the  attached  pages  to  specify  the  probl'^ms  you 
had,  and  if  possible,  suggest  changes  you  feel  would  enable  you  to 
more  easily  manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material?  For 
any  yes  responses,  use  the  additional  pages  to  specify  your  sug- 
gestions.   Include  in  this  section  any  "teaching  tips"  -  special 
procedures  you  used  or  means  you  discovered  to  more  easily  convey 
the  information  to  students,    Inlcude  in  this  section  any  comments 
you  may  nave  for  the  Teacher's  Guide. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  most  importantly,  to  write  down  your  comments.    If  you  need 
more  space  for  comments,  use  the  back  of  the  comments  pages  and/or  attach 
additional  sheets. 
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Comments  for  Overview  Class 

See  attached  comments 
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Comments  for  Videos 
Overview  Video:  See  attached  comments 

Mechanical  6  Fluid  Systems  I:  See  at::ached  comments 

Mechanical  5  Fluid  Systems  II:    See  attached  comments 

Electrical  Systems:     See  attached  comments 

Thermal  Systems:  See  attached  comments 


Summary  Video:    See  attached  comments 
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Comments  for  CI  Classes 
•  Mechanical  §  Fluid  Systems  I  CI:     See  attached  comments 


Me':hanical  §  Fluid  Systems  II  CI:    See  attached  comments 


Electrical  Systems  Cl:    See  attached  comments 


Thermal  Systems  Cl:     See  attached  comments 
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Comments  for  C-  Classes 
Mechanical     Fluid  Systems  I  C2:     See  attached  comments 


Mechanical  §  Fluid  Systems  II  C2:     See  attached  comments 


Electrical  Systems  C2:     See  attached  comments 


Thermal  Systems  C2:     See  attached  comments 
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Comments  for  Math  Lab  Classes 
Mechanical  §  Fluid  Systems  I  Math  Lab:    See  attached  comments 


Mechanical  §  Fluid  Systems  II  Math  Lab:     See  attached  comments 


Electrical  Systems  Math  Lab:  See  attached  comments 
Thermal  Systems  Math  Lab:     See  attached  comments 
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Comments  for  Lab  1  Classes 


Mechanical  §  /luid  Systems  I  Lab  1:    See  attached  comments 


Mechanical  §  Fluid  Systems  II  Lab  1:  See  attached  comments 


Electrical  Systems  Lab  1:  See  attached  comments 


Thermal  Systems  Lab  1:  See  attached  comments 
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Conunents  for  Lab  2  Classes 
Mechanical  §    Fluid  Systems  I  Lab  2:  See  attached  comments 


Mechanical  §  Fluid  Systems  II  Lab  2:  See  attached  comments 


Electrical  Systems  Lab  2:  See  attached  comments 


Thermal  Systems  Lab  2:    See  attached  comments 
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Comments  for  Summary  Class 

See  attached  comments 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  V:  ENERGY 
TEACHER  QUESTIONNAIRE 


Quest  ion   1  Comments 
What  dio  you  liUe  most  about  the  ENERGY  unit? 

1.  Diagrams  illustrating  the  various  types  o-f  energy   in   the  di-f-ferent 
systems.  (#09) 

2.  Videos,   written  materials  were  good.  <4433) 

3.  Reading  material   simply  wri^'.^^n.  (ttl3) 

4.  All   o-f    it,    especially  Mechanical   and  Electrical   subunits*  (4*45) 

5.  Nice  sequence  -fit,    seems  to  get  di-f-ficult   in  math   lab.  (#06) 

6.  Good  handling  on  Mechanical   and  Fluids.  (ttl7) 

7.  Content.  (#07) 

8.  The  math   had   a  relative  re  1  at. i onsh  i p  to  something  students  understand, 
(#40) 


9.  The  labs  in  the  thermal  unit. 
10.     The  math.  (#18) 


(#0S) 


11.  It  seems  to  tie  things  together  very  well.      You  can  see  understanding  in 
the  students.  (#38) 

12.  The   in-formation  was  easy  -for  the  students  to  understand  and  easy  to  e,s- 
plain.  (#05) 

13.  The  Electrical   subunit  even   though   the   lab  seemed    to  be  di-f-ficult  -for  the 
students.  '#36) 


i 


384 

o 
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Quest  i  on  2  Comments 


What  did  you  like  least  about  the  ENERGY  unit? 

1.  The  -fact  that   lab  equipment  wasn't  available  on  time,    in  -fact,   we  still 
con't  have  it.  (^ZZ) 

2.  The  subunit  o-f  Moment  o-f   inertia  needs  -further  explanation.  (ttOP) 

3.  Math   labs.  (#13) 

4.  Not  having  advanced  problems  -for   the  prepared  students.  (#45) 

5.  Lxam,   read  comments  -for  summary.  (tt62) 

6.  Having  no  equipment  because  the  design  plans  were   late  getting  to  the  sup- 
pliers. (tt42) 

7.  We  lacked   "stu-f-f"   -for  Electrical   unit   labs.     Math   labs  too  tough,  gradiate 
them  easy  to  hard.  (tt06J 

8.  Electrical   section  -for  the  most  part   is   too  general.  (#17) 

9.  Too  much  math  and   too  many  example  problems,   at   least  -for   the   level  kids 
I  have   in  class.      Thev  enjoy  most  o-f   the  theory  and  applicaton  but  get 
-frustrated  with   the  -formulas  and  math.  (#56) 

10.  Demonstrations  could  be  more  dramatic.     There  are  particularly  e-f-fective 
demos  -for  moment  o-f    intertia.  (tt30) 

11.  Electrical   subunit.  <ttl7) 

12.  The   lack  o-f  equipment   to  do  the  experiments.  (t*03) 

13.  Problem  with  equipment  supply.  (ttl3) 

14.  The  -fact  that  we  didn't   have   the  equipment   to  complete  some  o-f   the  labs. 
(«36) 
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Question  3  Comments 

Overall,    how  would  you  compare  the  ENERGY  unit  to  units  1,   2,    3  and  4?  I-f 
worse,  why? 

!•     Reading  material  and   labs  did  not  coincide.  (M13) 

2*     We  are  experiencing  burnout,   our  spring  break  -fell   in  middle  o-f  unit. 
We  are  so  -far  behind.     You  need  to  schedule  time  -for   tests.  (#06) 

3.  More  mistakes  and  amissions. 

4.  Too  3eneral   and   lacks  application   in  real   world.  (*^40) 

5.  This  unit  was  the  most  di-f-ficult  -for  me.     There  was  too  much  math  and 
physics  with  unit  6  application.     This  was  mostly  due  to  the  -fact  that  we 
didn't  have  the  equipment.  (#36) 

6.  It  was  presented   like  "classic  physics"  and  we   lost  some  kids   in  this 
unit.     As  an  example,    look  at  page  21,    it   looks  ver>'  threatening.  (#37) 

7.  It  seemed  too  long.  (#05) 
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Quest  ion  4  Comments 

In  terms  of   their  overall   impact    (instructional  effectiveness,   student  inter- 
est,  manaseabi 1 i ty)    ran't  each  of   the  components  of  the  ENERGY  unit.  Please 
explain  any  C,   D,   or  E  rankings. 

1.  Videos  did   not  always  seem  to  cover  enough    (for  exmaple  the  video  on 
thermal).     Labs  are  too  complex  for  most  of  the  students   (at   least  some 
are)  e.g.,    hydraulic  accumulator,   flywheel   generator,   -  (#25)  . 

2.  The  hands-c»«:   labs  would  be  better   if  we  could  do  eve^rything,  (#33) 

3.  Labs  did  not  coincide  with  reading  materi^.l.     Teacher guide  was 
sketchy  in  a  lot  of  areas .      (#13 ) 

4.  How  many  schools  allow  use  of  calculators  for  math  labs  and  exarns?  Who 
furnishes  the  calculator?  (#62) 

5.  Math  lab  could   have  had  more  advanced  problems  fc*^  the  interested  stu- 
dents.     Teacher's  guide  could  have  had  more  theoretical   and  practical 
examples.  (#43) 

6.  Math  labs  are  just   tough  problems,    no  remedial  or  progressive  skills  at- 
tend to.     Labs  continue  to  need  exotic  set  u;  s         get  practical.  (#06) 

7.  Videos  are  getting  too  redundant    in  electrical.  (#17) 

8.  The  flywheel    lab  was  excellent  but  the  others  need  work.     The  fluid  labs 
were  a  pain   in   the  neck  and  just  didn't  work  well.  (#56) 

9.  Demonstrations  could  use   improvement.  (#30) 

10.  Students  and  teacher  are  getting  extremely  tired  of  PT.  (#03) 

11.  Could  use  a  little  more  explanatLin   in  some  areas  of   teacher's  guide. 
(#18) 

12.  Videos  were  okay,    but  seemed   iTng  and  drawn  out.     Equipment    is  still 
a  problem.  (#05) 

13.  Equipment  not  here,   W3  coul<ln't  do  many  of   the   labs.      Some   labs  still  nave 
kinks  in  them.      Teacher's  guide,    not  nearly  enough  guidan::e.  (#37) 

14.  Instructions  to  the  teacher  and  students  were  not  detailed  enough.  The 
teacher's  guide   assumed  that  he/she  knew  everything.  (#36) 
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C^'ie'ition  5  Comments 


Which  of  your  students  seem 


?  most  successful   with  the  Unit  5  material? 


1.  While  the  above  av   rage  ^itwaent  did  best,   motivation  was  the  nos :  im- 
portant part*     Those  below  avG?*age  students  who  were  motivated   to  do  the 
work  fa.'^ed  much  better  thc'.r.  the  avverage  student  who   lacked  motivation. 
(#25) 

2.  Third  trimeste/^,   s^?veral  TC.ore  students  dropped  because  of  scheduling  and 


3.  The  unit  was  basically  adequate  for   the  average  students,   but  the  above 
average  naturally  were  more  successful,   just  because  of   their  effort  and 
spending  more  time  studying   it.  (1*4??* 

4.  We  are  real  1  y   los  i  ng  iihe  be  1  ow  average  student.  (t*i8) 


(#33) 
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Quest  i  Oil  6  Comments 

Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50- 
minute  class  sessions   is  realistic  -for  the  ENERGY  subunits? 

!•     When  and   if  I  ever  get   lab  material,   not  enough  time  -for   labs.  (^62) 

2.  Pretest,   posttest  both  need  scheduled  time.  (#06) 

3.  Some  o-f  the  labs  needed  more  time  than  just   1-60  minute  period.  (#05) 
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Suestion  V  CornmentB 

On  average,  how  much  time  did  you  spenu  preparing  *■  i  teach  each  class  in  the 
unit  on  ENERGY? 

1.  ThJ«  is  di-f-ficult  to  say  since  some  require  more  thought  than  others. 

2.  As  prepared  as  I  was  the  problems   in  the  math   labs  would  take  3  days. 
(»06) 

3.  Strong  math  background.  (t»40) 
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QQostion  3  Comments 


Overall,   did  you  feel   comfortable  teaching  the  materials   in  the  unit  on  ENERGY? 

1.  Continued  to  work  very  hard,   but  -feel  comfortable  as  we  go  through  each 
unit.  (#33) 

2.  No  way  to  build  your  experiment*     Took  voc-ed  teacher  3  weeks  to  assemble 
accumulator.  (**06) 

3.  I  had  difficulty   in  following  the  content.     Even  though   I  average  about 

an  hour  preparing  some   lessons  took   longer  due  to  a   lack  of  understand ing. 


(#36) 
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Quest  ion  9  Comments 
yoLi  think  most  o-f  your  students  did  the  assigned  readings  at  home? 
Mostly  they  were  done   in  class.  (tt09) 

About  00%  o-f  my  students,  I  think  did  the  assigned  readings,  and  o-f  course 
they  were  more  success-ful.  \#45) 

 TJnf^y  j^r^  bogged  down  following  example  probli    s«     Can  you  consider  pro- 
gramming some  o-f  the  probl ems?     ( #06 ) 

We  read   in  class.  (#17) 

At  this  point,    reading  to  them  is  not  necessary,  (#05) 
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Quest  ion   10  Comments 


What,    if  anything,   caused  ycu  the  most  problems   in   teaching  the  unit  on 
ENERGY? 

1.  Lack  of  equipment,  (tt09) 

2.  The  math.     Students  who  couldn't  do  siiiiple  algebra  or  -fractions  have  a  lot 
of  difficulty  doing  the  problems,    which  frustrates  them.      My  own  opinion 
is  that  either  more  emphassis  be  placed  on  bringing  these  students  to  a 
competent   1  eve 1   of  math  ability  for  the  mater  i  al   covered  or   that  the 
mathematics  be  somehow  made  to  be   less   involved .      I  would   like  to  si?e 
problems  on  three  separate  scales  from  easy  to  moderate  to  difficult  and 
so   label ed .      That  way  a  student  could  progress  from  the  easy  to  the 

di-^f  icult  at  his  or  her  own  pace.      This  would  also  help  with  motlviaion 
because  the  slow  learner,    who  could  dr  the  easy  problems,   would  probably 
be  more   likely  to  try  the  moderate  problems  and  so  on,   just  as  the  average 
student  after  doing  all   the  moderate  problems,   would  probably  be  inclined 
to  try  the  more  difficult   problems.  (tf25) 

3.  Understanding  some  of   the  formulas  and  the  lack  of   lab  equipment.  (#33) 

4.  Labs,   math   and  experiments.  (ttl3) 

5.  Basically  nothin*^.      But   if   there  were  more  problems,    especially   in  sub- 
units   1  and  2,    it  would  have  been  easier.  (tf45) 

6.  Interactions   in  examples,    blanks  with  answers  on   next  page.  (#06) 

7.  Nothing   in  par t  i z  ji Ia«- .  (#1"^^ 

8.  Lab  set  up   and   student   '-esponse^  to  the  problems.  \tt5o) 

9.  We  didn't  Have   the  equipment  for  the   labs.  in07) 

10.     The   lack  of   specialized   lab  equ  i  pm»?ri  t    lei   to  shipping  over    lab  exper  lences 
in  the  te^t.     Without  a  lab  component,    tf.e  course  aces  not  teach  well. 
Word  for  the  future:   Do  not   adopt  P/T  unless   /c^^   are  willing   to  pay  for 
the  needed  equipment.  (it30) 

f'Ome  of   the  math  equations.  f**40) 

12.  The   lack  of   equipment   to  do  the  experiments.  (ttOS) 

13.  The   lab  evperimerts,   hold   up  because  of  equipment;    tnat    is  why  we  are  bo 
far  behind.  (ttl8) 

14.  Not   having    equipment.  (**33) 

15.  The   lab  equipment.  (**C5) 

16.  Labs.  (tt37) 

17.  Lack  of   equipment  for  demonstr at i ors  and   labs.      There  was  not  enough  time 
to  adapt  new  things.  ini6) 
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Quest  ion  11  Comments 

Do  you  feel   that  the  Teacher's  Guide  material   provided  you  with  enouoh  in- 
formation to  help  you  successfully  implement  the  unit? 

1.  Definitely  to  finish  the  unit,   but  as   I  said  before,    a  little  more  theo- 
retical problems  would  have  helped  me  more  with   the  above  average  stu- 
dents. (t*45) 

2.  Get  rid  of   the  mistakes.     Add  some  approximate  values  for   labs.  (#42) 

3.  Lab  info  needs  to  be  more  specific.     We're  building  most  of   the   labs  and 
i  t  would  t3  helpful   to  have  more  details,    i.e.,   d  scussions,  ranges, 
anticipated  error,   etc.  (*I56) 

4.  More,    and  more,   dramatic  demonstrations.  (**30) 

5.  Why  were  inductors   introduced  and   then  nothing  done  with  them?  (tfiS) 

6.  More  guidance   in   labs.  (4*37) 

7.  You  need  more  explanation  on  how  to  set  up   the  lab  and  possible  substi- 
tute labs.  («05) 

8.  More  detail    in   the   instruction.  (#36) 
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Question   12  Comments 


Did  you  teach  Unit  V:     ENERGY  on  consecutive  d^ys  for  26  days?     I-f    -io,  what 
pattern  did  you  use? 

1.  It  had  to  be  varied  to  -fit   into  the  shops^   curriculum  but  was  included 

at   least  3  days  per  week,    though  on  average  probably  4  days  a  week.  <tt25) 

2.  Longer   time  period,   periods  cancelled.  (4*62) 

3.  Also  had  spring  break,   state  iTiandate  tests.  (**06) 

4.  Yes,  consecutively  but   it   t^jok  more   like  34-35  days.  (*456) 

5.  We  did   not  take  the  -Full   26  days  -for   the  unit  bs^cause  we  had   to  omit  some 
of   the   labs  due  to   lack  of  equipment.  (t*07) 

6.  Double  periods,   alternate  weeks.  (**30) 

7.  2  hours  per  day,   2  days  per  week.  (**40) 

8.  We  skipped   the  math   labs  and   iabs  we  did   not   have  equipment  for.  (#08) 

9.  It  took  more  than  26  days  because  of   experiments.     Filled   in  with  research 
work  in  technology,   wind   tunnel   tested  model   cars;    flow  tested   in  a 
stream;   designed  and   implemented  a  test  for   car  valve  springs.  (#18) 

10.  No    lab  equipment  shortened  unit.  (#38) 

11.  Nornially  yes,    but  some   intervening  because  of  school   testing,    etc.  v#05) 
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Quest  i on   14  Comments 


Did  you  combine  any  cla^ises  into  one  session  \ior  example,  teach  classes  CI  and 
C2  in  one  session)?     I-P  ye's,   which  classes  did  you  combine? 

1.  CI  and  C2   in  most  units.  ^**13) 

2.  Mostly  CI  and  C2,   also  showing  the  videos  at   least  twice  during  each 
subunit.  (4*45) 

3.  CI,   C2,    lab  and  prep  over  a  3  day  period.  (tt56) 

4.  CO,   CI,   C2;   Ml   JLnd  Ll;   L2  and  R.  (**30) 

5.  Lecture  units  and   lab  units.  (tt40) 

6.  5MF1   and  5MF2.  (ttOS) 

7.  CI   and  C2.  (*»38) 

8.  5MF3  and  5MF4,    5E 1  and  5E2.  (**05> 

9.  CI  and  C2.     Sometimes  the  o>'erview  was  combined  with  CI.  (#36) 
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Question  17  Comments 
Do  you  have  any  other  comments,   concerns  or  suggestions  for  the  unit  on  ENERGY? 

1.  Pa^e  17,   no  justification  for  Ep  =  l/2><d^.      A   lot  of  students  wanted  to 
know  why.      Page  21,   problem  10,    a  good  problem  for  advanced  students,  but 
a  stumper  for  average  an     below.      This  proved   to  be  a  waste  of  their 
time.      Again,    if  problems  were  ranked  then  students  could  choose  the  ones 
they  could   do  themselves  first  and  feel   positive  about  something.  Test 
problem  11         wrong.     Ep=wh=12, 000,    not   120,000.     This  was  pointed  out  by 
some  of  the  better  students.      Page  57,    look  at  the  for'\ulas  for  I.  The 
book  uses   1  for   I,   evidently  a  typo.      Page  30  DP  should  be  DV.  (#25) 

2.  I  would  not  dump   these  problems  on  a  well   prepared  physics  class.  When 
the  math  lab?;  were  remedial   they  were  better  accepted.  (♦♦06) 

3.  No,   basically  an  excellent  unit  cverall.  (#17) 

4.  Give  me  more  concrete  examples  and  everyday  applications  and   les&  prob- 
lems. (#56) 

5.  About  halfway  through  Unit  5  the  Unit  5  materials   list  arrived.     By  the 
time  we  were  3/4  through  Unit  5  the  Unit  4  equipment  was  deliverc?d.  Can 
I  have  a  new  schodu.e?  (#30) 

6.  Good  unit.  (#40) 

7.  Problem  #11  on   the  test  has  no  correct  ar  jwer.      D  should  be  12,000  ft  ib. 
(#08) 

8.  Do  something  with   inductance.  (#1S) 
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Comments  ior  Overview  Class 


1.  I  think   it  was  excellent.      Maybe   it  could  have  been  a   Ixttle   longer  and 
had  more  examples.  (#45) 

2.  Good.  (#17) 

3.  No  problems.  (♦♦30) 

4.  Good  unit.     Energy  and   insulation  had  meaning  to  students   in  North  Dakota. 
(♦♦40) 

5.  rt  was  okay.  (#18) 

6.  Put  page  T-9   into  the  student  text  be-fore  p.    13  and  again  on  page  13. 


(#37) 


ERIC 


-60- 


Comments  -for  V  i  deos 


1.  In  general    i-f   the  videos  are  shown  at   least  twice  during  CI   and  C2  classes 
it  would  have  more  use  -for  the  students.     Probably  once  be-fore  the  start 
and  once  after   the   lecture,    when  students  become  more  -familiar  with  the 
concepts.     Generally  they  were  good,    and  we  could  have  used  more  examples. 
<#45) 

2.  All   we'l  done,    in-formative  and   thought  provoking.  (tt06) 

3.  Ali   were  okay,    summary  video  was  excellent.  (4*56) 

4.  All   were  okay. 

Electrical:     Need  more  electricity  applications  we  haven't  seen  be-fore. 
Summary:     Too  redundant.  (ttl7) 

5.  All   were  very  good.  (tt07) 

6.  Overview:     As  a  group,    the  overviews  tend   to  be   le£»s   interesting  than  the 
subunit  videos. 

Mechanical   ^  Fluid   I:      Very  good. 

Mechanical   &j  Fluid   II:      Kicker   was   too  much.      Kids  reacted  negatively  to 
that  part  o-f   the  video. 

Electrical:      Nice   illustration  o-f   capacitor.      Kids  reacted  positively  to 
the   light  moments.      Nicely  done. 

Thermal:     Positive  stods-nt  reaction. 

Summary:     Good  revie»    -for   just  be-fore  the   test.      Cute  ending.  (tt30) 

7.  Electrical    and   Thermal:      Hard  -for   slower    students   to  understand.  (#40) 

8.  Mechanical   8<  Fl'.id   I:     Sc c  wdr  i  ver   -falling  o-f-f   trie  building  would  not  land 
po i  n t   down  . 

Thermal:     Couid  do  witho".t  showing  a  person  smoking  a  cigar^^tte.  \#Co; 

9.  Ajil   were  okay.  (ttl3) 

10.      All    the  videos  were  pretty  good.  (#36) 
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Comments  for  CI  Classes 

1.  Mechanical   8^  Fluid   I:      Page   13,   block  middle  o-f  page  uses  small   m  for  both 
mass  and  meters   (cton-fused  students)  • 

Mechanical   Zc  Fluid   II:      Same  complaint  as   in  CI,    page  60.  (ttl3) 

2.  Mechanical:      9   lines  -from  bottom   (gravity  due   to  apple's  weight),  should 
be  mass.  (#45) 

3.  Electrical:      Error  on  page  99,    example  5-0,    part   b,    -final   Ep  =  1.224 
joules,    not  1.44* 

Thermal:      Error  on  page   133,    end  o-f   step   1,    Ek  should  L<?   10,355.8  not 
10,350.  (#42) 

4.  All  were  excellent.  (#17; 

5.  I'm  not  sure  about  the  combining  of  mechanical  and  -fluid.  I  wculd  have 
had  time  to  do  rotational  before  the  labs  in  Mechanical  and  I  thinU  the 
Fluid  could  hava  been  beefed  up  to  fill   2  class  periods.  (#56) 

6.  Mechanical   8^  Fluid   i:      Exammple  5-B  on  pages   14-15:   you  do  not  make  it 
specific  f^hat    "2000  kg"   of   water   is  to  be  considered  mass  rather  than 
weight.     This  means  that  the  students  have  difficulty  understanding  why 
you  use  w/g  k   instead  of  m  h. 

Mechanical   8^  Fluid   I:      Well   done.      No  apparent  problems. 

Electrical:     Students   in  electronics  shops  already  know  far  more  about 
what  capacitors  do  than  given   )n  text.      One  might  cite  reference  material 
so  that  we  can  answer    the  question   "Wh/  do  we   have  to  read   it   if   we  al- 
ready know   it?"   while  still    teaching  the  basics   to  our  machinists  and 
mechan 1 cs • 

Thermal:      Where  you  mention   "bimetallic  strips"   show  one-      List   it  as  a 
demo.      ( ^30) 

7.  All  were  good . 

Electrical   and  Thermal:      Hard.  (#40) 

8.  Mechanical   ^  Fluid   i:  In  ardf^r   to  cover   objective  3   reading  should  go  to 
page  20.     Errata  sheet  shows  a  correction   on  page   15   that  should  be  on 
page  16. 

Mechanical   ^  Fluid   Ii:  Page  57  Figure  5-13,    "1"    should  be  an   "I,"   not  a 

one   in   the  equations.  (#03) 

9.  All   were  okay. 

Mechanical   8^  Fluid   Ii:      Page  5"^,    formula  are  using  i    instead  of    I  for 
inertia.  (#18) 
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11.     Mechanical   8^  Fluid   I:     We've  got  to  try  to  camo-flauge  the  math  a  bit 
more.  (#37) 

17.     Mechanical   8^  Fluid   ii:     The  -formula  -for  moment  o-f   inertia  was  unrealistic 
•for  students  tu  memorize   in  short  amount  o-f   time   (pa9e  57},  (H05) 


^  38  Tf 
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Comments  -for  C2  Classes 


1.  All  were  excellent.  (tt45) 

2.  Mechanical  t<  Fluid   I:     Error  page  T-25,    answer   1  t.a   is  wrong,   and  answer 
12  should  be  50  -ft   lb.  (tt42) 

3.  All  were  excellent.  (#17) 

4.  All  were  good . 

Electrical   and  Thermal:     Hard  units.  (#40) 

5.  Mechanical  8^  Fluid   II:     No  apparent  problems. 

Electrical:     Demo  sugg^^ced  -for    this  subunit    is  weak.     Class  attention 
wanders  when   the  entire  point  o-f   a  demo   is   to  watch   the  needle  o-f   a  strip 
chart   recorder  dri+t  +or   10  minutes.  (#30) 

6.  Mechanical   8^  Fluid   I:      Shou'u   s'^Jtrt   reading  on  page  20.      It    is  unneces- 
sary +  or  the  demo  to  be  as        nplicated  as   it   is  ^jritten.      It  could  have 
been  written  on   less  than  one  page   (i.e.,    nails  don't  have  to  be  a 
certain  distance  apart!). 

Mechanical   8^  Fluid   II:      Too  much  math.  u>08) 
y.     Al 1  were  okay* 

Mechanical       r-iuid   Tl:     Fluid  Potential   Energy,    block   top  o-f  page.  37. 
•formula:    h  =  height  water   is   li-fted    in  rn  not  -feet*  (#18) 

8.  I   needed  more  than   1  period   to  explain  this   in+o.  (#05) 

9.  Mo  real  problems  here  on  any  o-f   these.  (#36) 
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Commerits  -For  Math  Lab  Classes 


1.  Mechanical   ^  Fluid   Ii:     Error  on  problem  2a,   answer   should  be   1680  instead 
of   1580.  (#33) 

« 

2.  Mechanical   ^  Fluid   I:   Math  should   pertain   to  unit  material.  Nothing 
about  Mechanical   energy   in  any  of   the  problems  or  examples. 

Electrical:     Problems  should  deal   with  electricity,    not  springs. 

Thermal:     Problems  should  deal   with  energy   in  heat,    not  moment  of  inertia, 
<«13) 

3.  Mechanical   8<  Fluid   I:      In  example  2,  AP  =  area  x    length  of   cylinder,  it 
should  be   AV  =  area  x   length  of  cylinder. 

Mechanical   8c  Fluid   II:     Probably  we  need  more  complicated  problems  for 
interested  students.  (4*45) 

4.  Mechanical       Fluid   I:     Poor  judgment.    I'd   like  you  to  try  this  section  in 
one  period  of  any   level   student.      Required   too  much   research  to  find 
formulas,    ended  with  a  so-what  effect. 

Mechanical       Fluid   II:      In  most  cases  the  math   labs  have  6-8  pages  of 
reading   (30  min.),    2-4  examples   to  study    (15  min.),    theories  to  discuss 
(10  min.)-    5-6  problems    (60  mm)    =  2  hours.      More  time   is  needed    if  you 
want  all   students  to  understand. 


Thermal:      Problems  were   too  complex.  (tt06) 


5.  Mechanical    8*  Fluid    I:      Errors  on  page  30,    under  solution  AP  =  area  x 
length  of  cylinder  should  be   AV .      Under   conclusion,    we're  not  asked  to 
determine   if   the  work  produced  was  sufficient   to  close   the  gate. 

Mechanical   8^  Fluid   II:      Error  page  T-74,    problem  2,    f   =   1680   lb  not  1580. 
T-76,    a  of   problem  6,    second   line,    Qh   =  305  should   be  Qh  =350.      Page  T-76, 
b  of   problem  6  Qh  =   1224.6  ETU/hr .      Page  T-76  c  ai   problem  6,    no  answer 
gi  ven . 

Electrical:      Page   109,    problem  2,    Final   Ek   =   19,198.2  ft    lb,    net  19,200. 
Error  page  T-111,    problem  4a,    Ep=300  ft   lbs  not  3600  ft  lbs. 

Thormai:      Page  T-147  problem  3,    Ek    is  4^.33  J   an j  not  5725.6.      W   is  41.87 
rad/sec  and   not  460.5.      Page  T-ias  p.otierr.  3,    part   a,    w2  =  253,120  not 
253,130.  (^♦42) 

6.  All   were  okay.  (t*56) 

7.  Mechanical   ^  Fluid   I:      First  p3't  of   ^Ml   had  excellent  examples.  Ab- 
solutely the  best.     We  need  mere   like  these. 

Electrical:      Okay,    but   what   dees    it  have   tz    io  with   electricity?  iUiJ) 

8.  Thermal:      Problem  M3  has  en  e^^ror,    w  =  41. or   .ad/sec.  (#07) 


9.     All   were  okay. 
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Electrical   and  Thermal:      Hard  for  slower  students.  (tt40) 

10.  Mechanical   8^  Fluid   I:      Page  30^    line   15  should  read  AV  =  area  x  length. 
Very  good  math   lab,    since  many  have  difficulty  with  word  problems.  This 
difficulty^    however,    tends  to  use  more  time  than  planned  for   in  the  math 
lab. 

Mechanical       Fluid   II:     For   the  first  time,   assigned  as  a  homework  as- 
signment over  shop  week,    when   there  are  no  academic  classes.      Nobody  did 
it.     Problem  2,    teacher's  guide.    Page  T-74,   answer  should  be  1630. 

Electrical:    No  problem.      Short  for  42  minutes. 

Thermal:     Good  review.     Best  feature  of   the  course  is   its  constant  re- 
inforcement provided  by  the  math    labs.  (#30) 

11.  Mechanical        Fluid   II:      Too  complicated.  (tt08) 

12.  Mechanical   8<  Fluid   I:      Took   two  periods    (tougher  than  usual    for  students) 

Mechanical  ^  Fluid  II:  Page  T-74,  problem  tt2,  answer  (a)  =  1630  lb,  not 
1580  lb. 

Electrical:  Okay. 

Thermal:     Page  T-147,    problem  tf3:    solution  w  =  41.87  rad/sec 
w^   =  1752.8  rad2/sec2;   Ep  =  47.33  n  m  or  J.  (tfl8) 

13.  Thermal:     Error    in  math    lab  problem  tf3  computation  of   rad/sec.  (#38) 

14.  Took   longer   than   1   period.  (#05) 

15.  Thermal:     Some  errors  noted   in  teacher  guide,   page  147,   problems  2  and  3. 
(#36) 

16.  Thermal:     Page  T-147  Problem  2:    I  =    (2/5) (8  kg) (.0169  m^) 

Problem  3:      Ek    instead  of  Ep .      Ek  =  47.333,    w=41.87  rad/sec, 
using  w  =  41.87.  (#37) 


384 
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Comments  for  Lab   1  CI  asses 


1.  Thermal:      Some  of   the  written  material   was  wrong.      They   tell  you   to  fill 
a  600  ml   beaker  half  full,   when   it  should  only  be  1/4  full,  (tt33) 

2.  Mechanical   and  Fluid   I:     Could  not  get  students   to  measure  energy  as 
compressing  a  spring  and   trying  to  estimate  energy. 

Mechanical   8c  Fluid   II:      Should  deal   with  subject. 

Electrical:  Should  deal  more  with  electrical  properties.  These  were  bet* 
ter   than  most.  (ttlS) 

3.  Mechanical  &  Fluid   I:     This  experiment  was  good,   but  another  form  of  set- 
ting the   lab  up  could  be  considered    (simpler  form  needed). 

Mechanical       Fluid   II:  Good. 

Electrical:     This  part  was  excellent  and   the  students  got  to  know  how  to 
read  and   interpret   the  graph  of  capacitor  discharge.     We  could  have  had 
an  experiment  using  the  component    (capacitor)    or  showing  the  capacitor 
discharge,    like  a  camera's  flash.  (#45) 

4.  Mechanical   8c  Fluid   I:      No  equipment. 
Mechanical   8c  Fluid   II:      No  equipment. 

Thermal:      Errors  on  page   155,   main    ideas.      "Measured    in  calories  per  gram 
per  C^."      "Measured    in  Btus  per   lb  par  F^."     Should  be  cal/gm  C^  and 
Btus/lb  F  ^.  (#42) 

5.  Mechanical   8^  Fluid   I:      We  used  smaller  spririg   in  graduate  graphs  were 
great . 

Mechanical   8^  Fluid   Ii:      Hydraulic   accumulator    ^a.s  built    to  specifications 
but  did  not  demonstrate  the  desired  results.      We  had   it   hooked   to  city 
water  supply,   will   retry  when  we  have  a  pump.      it  did  show  funciton  of 
check  value. 

Electrical:     Really,   $900  strip  recorder*      ^ Boys   live   m   the  world  of 
funding     that  does  not  resemble  educational  funds. 

Thermal:     Specific  heat   lab,   300  g  of  water    is   too   larse  a  mass  for  use 
with  most  specific  heat  sample  sets.  (#06> 

6.  All   were  good.  (#17) 

7.  Mechanical   8c  Fluid   II:      Works  pretty  well   ever,   thoogn   there's  not  rnucri  in 
the  way  of   quantitative  results.     Air   tank    is  b  problem.      It  just  won't 
run  enough  to  do  a  good  job  or   let   the  students  o.se   tfie  strobe. 

Electrical:     Lab  seems  reasonably  pointless,    resides  did  you  ever  try 
to  buy  a  strip  chart  recorder  on  a  budget   1  i    e  mine,   cr    try   to  find 
somebody  to  donate   it?     Good  luck. 

Thermal:      Simple  but  effective.  (#56) 
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8.  Sargent-Welch  did   not  provide  the  equipment   list   in   time  to  order  ma- 
terials for  the  ENERGY  labs. 

Mechanical   tc  Fluid   i:     We  used   the  spring  holder  jig   (item  #9)  instead 

0-  f  the  equipment   listed.     This  uould  save  about  $30/station. 

Mechanical   8c  Fluid   II:     No  equipment. 

Electrical:      The  chart  was  very  hard  to  read.  (**07) 

9.  Mechanical   %c  Fluid    I:      Equipment   not  available.      Will   return  when    (and  ir) 
it  becomes  so. 

Mechanical   ft:  Fluid   II:   Equipment   not  avai lable. 

Electrical:  Page  117,  last  sentence  should  be  2a.  Do  you  really  think 
it  is  cost  e+-ficient  to  use  a  strip-chart  recorder  to  demonstrate  how  a 
recording   is  made,    and   then   invest  40  minutes   into   interpreting  a  chart? 

1-  f   the  r  corder   is   to  be  used  again  several   times,    I  agree. 

Thermal:        orked  well,   except   that  we  were  forced   to  sub  2  beakers  (with 
insulating  materials  between   them)    -for  styro-foam  cups  which  were  not 
available   in  this  area.  (^30) 

10.  Electrical   and  Thermal:     ohort  o+   equipment.  (tf40) 

11.  Mechanical   8<  Fluid   I:     Because  o-f    lack  of  equipment  we  did  a  demo  with  a 
spring  aii   oi  a  boat   trailer  and  demonstrated   the  same  principle. 

Electrical:      Much   too  complicated. 

Thermal:     Why  can't  all    labs  be  this  uncomplicated?  :**0S) 

12.  Mechanical   &j  Fluid   I:  Oka/. 

Mechanical  &j  Fluid  1 1 :  Did  not  dc  because  o-f  lac;!'  c-f  equipment,  probabi/ 
could  have  done   i -f   I   had  time  to  prepare  the  eq'-^ipment  using  an  air  drill. 

Electricel:  Okay. 

The'-mai:     Okay.  (#18) 

13.  Equipment  was   not   available  -for    the   labs.      I   shall    try    to   get  some  lab 
work  done  the   last  week  o-f   school.  (#35) 

14.  Mechanical   8^.  Fluid   I:      We  just  couldn't  perform  some  cr   the   labs  because 
ai   the   lack  o-f   equ  i  pment . 

Electrical:     This   lab  was  more  dif-ficalt  ■fo*'    the  st'^dent   to  understand 
than  I   had   anticipated.      I   think  another  approach   is   in  order.      It  was 
more  di-f+icult   to  fathom  and  understand.      It  haa   to  be  read  3  or   4  times 
understanding  what  must  be  done.     Also  references  2A  and  2B  are  incor- 
rect . 

Thermal:     This   lab  went  pretty  well   e^capt   for    the  pol/  cups.     We  dis- 
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covered,    too   late,    that  they  were  smaller  than   text  called  -for  so  we  had 
to  modify  the   lab.  (#36) 

Mechanical   ^  Fluid   i:      Had  a  hard   time  finding   the  appropriate  equipment. 
Modified  it. 

Mechanical   8«  Fluid   Ii:      Combined  cla.5ses  because  of   lack  of  equipment. 
Also,    the  equipment  used   in  Lab  5MF4  did   not  work  well   for  us. 

Electrical:     This   lab  was  hard   for   them   to  follow.  <#05) 

Mechanical   &  Fluid   I:      Couldn't  dc   lab,    didn't  receive  spring  test 
apparatus  from  S-W  and  we  ordered   it.      I   wrote  up  my  own  lab: 

Purpose:     To  determine   the  Ep  of  a  given  spring.     The  students  are  allow- 
ed to  use  any  of   the  following  equipment:      ring  stand,    clamp,  spring, 
meter  stick,   pencil,   graph  paper,   set  of  weights.     The  students  are  told 
to  determine  the  Ep  of   the  spring  but  they  are  not  told  howj   when   they  are 
don©  each  pair  of  students   "shows  and   tells"    their  method  and  data  and 
Ep  to  the  class.     A)   many  kids  find   the  spring  constant  by  graphing 
F  vs  D  and  calculating  slope.      B)   many  students  graph  F  vs  D  and  deter- 
mine the  area  of   the  graph  using  the  area  of   a  triangle  and  determine 
the  potential   energy.      This  was   the  best  method  and  got  good  results. 

Mechanical       Fluid   II:      Couldn't  do,    equipment   not  received. 

Electrical:     This   lab  was  really   "too"   difficult  for   the  students.  Je 
really  had   to  make   it   less  confusing.      We  used  a  different  graph  (same 
curve)   so  that   the  kids  could  easily  determine  the         grid  and  A t  grid. 
Page  117  has  some  error.      Step   2A   is  referred   to  and   it  should  be  step 
2B  and  vice  versa.     The   AV  and  AT  explanaticn  cf   \/olt/lirie  and 
sec/line  had  to  be   totally  reworked   so  the  kids  could  follow. 

Thermal:     Why  do  we  use  such  a   large  volume  of  water?     Styrofoam  cups  S-W 
sent  us  would  hold  only  approx   150  ml.     The  results   turn  out  even  better 
if  you  double   the  styrofoam  cups  for  added   insulation.  (#37) 
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Comments  -for  Lab  2  Classes 


1.  All  were  excellent.  (#45) 

2.  Because  o-f    lack  o-F  equipment,    we  had   to  substitute. 

Electrical:      Instead  o-F  strip   recorder,    why  not  just  a  table,    then  make 
a  graph.  (062) 

3.  Didn't  do  any  o-f   them,    no  equipment.  ((♦♦42) 

4.  Mechanical   8c  Fluid   i:      Did   not  do.      Used  -Flywheel    idea  be-fore  as  gen- 
erator . 

Mechanical   8<  Fluid   Ii:     No  air  motor. 

Thermal:     Did   not  do,    seerned  similar  to   last  unit.  (#06) 

5.  Electrical:     Good  but  should  be  used   in  Year  2  as  part  o-f  Energy  Con- 
ver tor s . 

Thermal:     Good  but   hard   to  control,  (ttl7) 

6.  Mechanical   &  Fluid   i:      Great   lab,    I   really    liked   it  except  you  have  to 
teach  hal-f   o-f   the  next  unit  be-fore  you  can  da  the  lab. 

Mechanical   tc  Fluid   Ii:      I    tried   to  build   this  one  but   the  prototype 
just  didn't   do  much.      What  size  pipe,    what   range  guages ,    what   -flow  rate, 


Electrical:      So,    how  big   is  the  accumulator   assembly    (Vol   =  ?).  What 
does   it  matter*^     What   should  be  capacity  of   air  motor?     What   -flow  rates 
should  we  expect  -for   the  -flowmeter?     These  are  some  problems.  Lab 
looked  good  but  our  -flowmeter  didn't  have  a  range  suf+icient   to  measure 
flow  -from  motor,    so  we  were  stymied   again,  (♦♦56) 

7,  No  equipment,  (♦♦O?) 

8,  Electrical:      Short  oi   equipment.      Time  a  problem. 
Thermal:      Short  o-f   ?^uipment,  (♦♦40) 

9,  Mechanical   8c  Fluid   I:      Equipment  not  available.      Will    tr y    again  later. 
Mechanical       Fluid   II:      Equipment  not  available. 

Electrical:     Equipment   not  available. 

Thermal:     Found  styro-foam  cups,      S-W  sspeci+ic   heat  sets   include  an 
aluminum  sample  which    is   too   large  for    use.      This    is  not   a  significant 
problem  since  your  directions  do  not  specif/  ^vhich  3  o-f   the  5  to  use. 


10.     Mechanical   ^  Fluid   It      Because  of    lack  of   equipment  k-<e  set  up   a  demo, 
but  were  unable  to  take  any  data  because   the  flyv^heel    did   ^lOt  spin 
long  enough. 


etc? 


(♦♦30) 
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Thermal:     Had  problem  with  my  metal   samples,    did   not  change   the  temp  ot 
the  water  s  i  gn  i -f  ican  t  ly  .  (#08) 

11.  Mechanical   8c  Fluid   I:  Okay. 

Mechanical  8<  Fluid   Ii:      No   need  -for   the  stopwatch   listed   in  equipment 
I  ist. 

Electrical:      Page  125,    4th    line  -from  bottom  and  3rd   line   from  bottom, 
mistake  in  number  o-f  JoulesZ-f  t  •  lb.  (#18) 

12.  Equipment  was  not  available  -for   the   labs  at   this   time.      I  shall   try  to 
get  some   labs  done   the   last  week  o-f   school.  (#38) 

13.  Mechanial       Fluid   i:     Di-f-ficult  -for   kids   to  -follow. 

Mechanical  8^  Fluid   Ii:      Equipment  not  received   in   time,   couldn't   do  it. 
Also,    all   o+  our  + 1  ow  contrcl   valves   leak,    we  used   them   in  the  last  unit. 

Electrical:      Could   not  do  because  we  didn't  receive  the  equipment  -from 
S-W  even  though  we  ordered  it. 

Thermal:     Did  not  receive  all   the  equipment  again   like  the  speci-fic 
heat  sample  set.  (#37) 

14.  Mechanical        Fluid    I:      Modi  +  ied    lab   to  suit  equipment. 
Electrical:      Combined  with   5E1.  (#05) 

15.  There  was   little  we  could  do  with   the   labs  on   this  page  due  to  lack  o-f 
equipment.     Very  discouraging.  (#36) 
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Comments  for  Summary  Class 


1.  We  reviewed  each   lab  and  worked   through  a  few,   but  students  could  not 
complete  all  o-f   them  because  of   lack  of  equipment.      ( tt33 ) 

2.  I  detest,    hate,    tests  with  questions   that   have  answers  such   as    (all  of 
the  above)    (a  and  b  or  a  and  c)    or  not  any  of   the  following,    or  select 
the  wrong  answer    (which  statement    is  false).      I   honestly  believe  the 
poorest  part  of   tuis  course  so  far   have  been   the   tests.  (#62) 

3.  They  were  9ood .     The  answer  to  question  **24   in  the  answer  key   is  wrong, 
it's  marked  B  and  should  be  A.      The  answer   to  question   11  on   the  test 
is   12000,    so  d    is   the  answer,    not   120,000.  (^♦45) 

4.  I  really  don't   appreciate  spendin^i  time   trying  to  make  sense  out   of  your 
mistakes.      Don't  use   length  and  width  with  graphs,    vortical   and  horizont- 
al. (♦*42) 

5.  No  major  difficulty.  (#30) 

6.  Error   in  test  key.      Lab  equipment   short.      Math  a  problem  for    .slower  stu- 
dents.    Time  a  problem  to  finish  7  units.  (#40) 

7.  Okay.  (#18) 

8.  This   is  to  summarize  the  Energy  unit    in  general.      It   has  been   the  most 
difficult  unit   to  date.      The  primary   factor  affecting   the  successful  pre- 
sentation of   this  unit    is   the    lack  of   eouiprnent.      We   had   ordered    it  well 
in  advance  of   the  anticipated   date  cf   ase .      However,    when  the  day  came  to 
present  the   lab,    the  eq'J  i  p^'nen  t  had  not  arived.     This   is  supposed   to  be 

an  applied   class  but  very   little  application  was   done  during   this  unit. 
Students  got  discouraged,    5S  did   the  teachers.  (#36) 
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Principles  of  Technology  is  an  applied  science  course  for  high  school  vocational  students  that  is  being 
developed  collaboratively  by  the  Agency  for  Instmctional  Technology  (AIT),  the  Center  for  Occupational 
Research  and  Development  (CORD),  and  a  consortium  of  35  state  and  provincial  education  agencies  (see 
Appendix  A  for  a  list  of  cooperating  agencies).  The  course  consists  of  fourteen  units,  each  focusing  on  a 
principle  that  underlies  today's  technology.  Each  unit  consists  of  a  student  manual,  a  teacher's  guide, 
hands-on  laboratories,  and  video  programs. 

The  entire  project  is  being  developed  with  the  help  of  a  formative  evaluation  process  that 
systematically  collects  data  from  a  special  review  team  (see  Appendix  B),  from  consortium  representatives, 
and  from  teachers  and  students  at  classroom  pilot  test  sites.  The  review  team  reviews  preliminary  dratis  of 
the  instmctional  materials  before  they  are  sent  to  consortium  representatives  and  pilot  test  sites. 
Consortium  representatives  review  the  material  concurrently  with  the  classroom  pilot  testing.  The  data 
from  all  sources  -  review  team,  consortium  representatives,  and  pilot  sites  -  are  analyzed  and  reported  to 
the  developers,  who  use  these  findings  to  revise  the  materials. 

Thus,  an  important  part  of  the  overall  fomiative  evaluation  is  a  pilot  test  of  each  unit  in  actual  classroom 
settings.  The  primary  purposes  of  the  pilot  test  are:  1)  to  detemiine  how  well  the  materials  are  working 
and  2)  to  identify  specific  problems  with  the  materials.  All  pilot  test  teachers  were  oriented  to  the 
Principles  of  Technology  course  and  to  the  pilot  test  procedures  at  one  of  two  meetings  held  in  Dallas  the 
summer  of  1984. 

This  report  details  the  findings  of  the  pilot  test  of  Unit  6:  POWER,  The  report  makes  some  comparisons 
of  these  findings  with  those  for  Units  1,  2, 3, 4  and  5,  which  are  contained  in  separate  reports  (see  "Unit  1: 
FORCE  -  Pilot  Test  Findings,"  December  18, 1984;  "Unit  2:  WORK  -  Pilot  Test  Findings,"  March  1, 1985; 
"Unit  3:  RATE  -  Pilot  Test  Findings,"  May  6, 1985;  "Unit  4:  RESISTANCE  -  Pilot  Tast  Findings,"  May  29, 
1985;  and  "Unit  5:  ENERGY  -  Pilot  Test  Findings,"  July  15, 1985).  Since  the  majority  of  the  pilot  test 
teachers  completed  only  six  of  the  seven  units  planned  for  the  first  yea''  of  the  pilot  testing,  this  report  will 
also  serve  as  a  summary  of  the  first  year  findings.  It*s  important  to  remember  that  all  data  are  fomiative  data; 


the  developers  are  using  the  data,  along  with  the  review  \e^  ^  and  consortium  representatives'  reactions, 
as  a  basis  for  revising  the  materials. 


PILOT  TEST  PROCEDURES 


Unit  6:  POWER  pilot  test  materials  were  mailed  to  the  teachers  in  mid-January  1984.  These  materials 
consisted  of: 

1)  Pretest/posttest  (see  Appendix  C). 

2)  Computerized  scoring  sheets  for  the  pretest/postest. 

3)  Student  attitude  questionnaires  (see  Appendix  E) 

4)  Teacher  questionnaires  (see  Appendix  F) 

Teachers  administered  the  pretest  before  any  teaching.  As  they  taught  the  unit,  teachers  recorded 
their  reac  * .  ns  to  the  unit  on  a  detailed  questionnaire.  At  the  conclusion  of  the  unit,  teachers 
administered  the  same  test  as  a  posttest  along  with  the  student  attitude  questionnaires.  All  Unit  6  data 
evaluation  materials  were  then  mailed  back  to  AIT.  Data  contained  in  this  report  include  all  materials 
received  by  July  1935. 
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LIMITATIONS  OF  THE  METHODOLOGY 


Two  major  limiting  factors  must  be  considered  when  the  findings  are  interpreted:  research  design  and 
external  variables  beyond  the  project's  control. 


Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  considered,  including: 

•  Lack  of  matched  control  groups. 

The  design  allows  one  to  draw  conclusions  only  about  the  Principles  of  Technology  course,  but  not  to 
compare  these  results  to  other  comparable  teaching  methods.  The  costs  in  terms  of  time,  resources, 
and  further  administrative  impositions  on  the  pilot  test  schools  prohibited  the  establishment  of  matched 
control  groups.  It's  also  difficult  to  match  Principles  of  Technology  to  other  courses.  Would  they  be 
physics  courses  or  vocational  courses?  Thus,  in  addition  to  the  fiscal  and  administrative  constraints, 
the  nfiatching  process  iisetf  would  be  problematic. 

•  The  pretest/posttest  format. 

The  same  test  was  used  for  both  the  pretest  and  the  posttest.  The  effect  that  memory  of  the  pretest 
might  have  on  posttest  performance  was  another  concern.  The  research  design  addressed  this 
concern  in  three  ways: 

1     Jdents  were  not  given  the  connect  answers  to  the  pretest.  The  effect  of  memory  was  limited, 
immediately,  to  the  nature  of  the  questions  without  accompanying  knowledge  of  the  correct 
answers. 

2)  The  posttest  was  administered  more  than  one  month  after  the  pretest.  In  the  intervening  time 
students  had  many  experiences,  both  academic  and  personal,  that  would  mitigate  the  effects  of 
memory. 

3)  A  con-elated  t-test  was  used  to  analyze  the  pretest/posttest  data.  This  technique  helps  to  partial  out 
any  variance  that  might  result  from  an  intruding  correlation  -  in  this  case  memory. 

•  The  pretest/posttest  as  an  instrument  (see  section  on  development  of  the  instrument,  page  7). 

The  test  cannot  measure  all  objectives.  Therefore  objectives  had  to  be  sampled.  Also,  the  items  do 
not  always  directly  match  the  intended  objectives.  The  test  was  a  cognitive  test.  Many  of  the 
objectives  (particularly  the  lab  objectives)  are  psychonrx)tor  objectives.  One  must  consider  each  of 
these  factors  when  assessing  the  validity  of  the  instrument.  It's  important  to  remember,  however,  that 
the  test  is  but  one  of  several  means  being  used  to  assess  the  unit. 


External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  results,  including: 
•  Equipment  problems. 

As  with  ihe  previous  units,  several  teachers  reported  problems  in  securing  necessary  lab  equipment. 


•  student  characteristics. 

Based  on  reports  from  teachers  and  self-reports  from  students,  there  appears  to  be  considerable 
variability  in  the  kinds  of  students  in  the  course.  This  variability  encompasses  students'  academic 
backgrounds,  ability  levels,  and  socioeconomic  levels.  The  project  has  made  no  attempt  to  control 
these  variables. 

•  Teaching  pattern. 

Teachers  report  considerable  variability  in  the  length  of  classes  and  number  of  class  sessions.  The 
project  has  made  no  attempt  to  control  these  situations,  but  has  instead  attempted  to  assess  the 
Impact  of  ihe  various  conditions  on  the  outcomes. 


So,  both  research  design  and  extemal  constraints  must  be  considered  when  the  results  are 
interpreted.  It's  important  to  remember  that  the  pilot  test  was  designed  as  a  part  of  the  overall  formative 
evaluation,  not  as  rigidly  controlled  research.  Nonetheless,  the  validity  of  the  various  data  collection 
procedures  must  be  considered. 


SAMPLE 


The  sample  included  349  students  in  21  sites.  Student  characteristics  included: 

•  Grade§ 

10=18%   11=61%  12  =  21% 

•  Sex 

Male  =  82%  Fenfiale=18% 
Teacher  characteristics  included: 

•  Physics  background. 

As  with  previous  units,  there  was  a  wide  range  in  the  teachers'  physics  backgrounds;  16%  reported  no 
college  physics  courses;  26%  reported  one  college  physics  course;  32%  reported  2-4  college  physics 
courses;  5%  reported  5-7  college  physics  courses;  and  21%  reported  8  or  more  college  physics 
courses. 

*  Mathematics  background. 

Almost  all  teachers  (95%)  reported  having  had  2  or  more  college  mathematics  courses;  several  (37%) 
have  had  5  or  more  college  mathematics  courses. 

*  Teaching  patiarn. 

The  majority  (70%)  tauglit  Unit  6:  POWER  on  consecutive  days.  Most  (80%)  taught  sessions  that  were 
60  minutes  or  shorter.  About  half  (45%)  indicated  that  they  had  combined  several  classes  into  one 
session. 

*  Preparation  time. 

The  majority  (70%)  indicated  that  they  spent  60  minutes  or  less  preparing  to  teach  each  subunit  on 
POWER. 

Since  the  sarr^Ie  seems  to  have  stabilized  at  about  21  sites  that  are  roughly  on  schedule,  it's  not 
surprising  that  the  student  and  teacher  demographics  were  similar  to  those  for  prior  units. 


§Due  to  missing  data,  the  pretest/posttest  student  demographics  don't  match  the  student  attitude 
demographics. 


PRETEST/POSTTEST  AS  AN  INSTRUMENT 


To  understand  the  results,  one  must  first  understand  the  characteriGtics  of  the  test  as  a  measurement 
instrument,  including  the  process  by  which  the  test  was  developed  and  what  statistical  analyses  reveal 
about  the  reliability  and  validity  of  the  instrument. 

Over  70  test  questions  were  initiated  at  CORD  by  the  content  specialists.  In  a  collaborative  process 
between  evaluators  and  content  specialists  these  questions  were  pruned  and  revised  to  the  eventual  31 
questions.  Each  item  is  tied  as  directly  as  possible  to  a  specific  objective  from  Unit  6.  The  item/objective 
match  is  not  always  exact.  It's  impossible  to  match  items  to  some  objectives  because  of  the  way  those 
objectives  are  worded  f  recognize,"  "define,"  etc.).  It's  important  to  remember  that  the  instrument  is 
attempting  to  measure  manifestations  of  learning,  and  that  approximations  of  objectives  are  often  the  best 
that  cognitive  test  developers  can  do.  With  only  31  items,  not  all  objectives  could  be  tested.  Therefore, 
objectives  had  to  be  sampled.  Generally,  priorities  for  this  sampling  were  determined  based  on  the  relative 
importance  of  the  concepts.  (Appendix  0  lists  the  objective  each  item  is  intended  to  address  above  the 
item.) 

So,  is  it  a  "good"  test?  Generally,  instruments  are  judged  based  on  reliability  (consistency,  accuracy, 
dependability)  and  validity  (roughly,  whether  it's  measuring  what  you  think  it's  measuring).  The  reliability 
(Speannan-Brown  test  of  intemal  consistency)  of  this  instrument  is  .86,  which  is  acceptable  by  most 
standards.  Validity  is  a  bit  more  complicated  to  judge.  Readers  are  encouraged  to  make  their  own 
judgments  about  the  validity  of  the  instrument.  Pertinent  questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  6's  instruction? 

It  should  be  pointed  out  that,  in  examining  the  pretest/posttest  results  for  each  of  the  first  five  units,  the 
developers  and  evaluators  encountered  a  few  items  in  each  unit  (no  more  than  three  per  unit)  that  they 
considered,  for  various  reasons,  to  be  poor  items.  For  the  Unit  6  test,  item  30  was  an  incon'ect  item  and 
was  eliminated  from  the  overall  analysis.  Therefore,  the  test  became  a  30-item  instrument.  Of  course 


there  is  always  wisdom  in  hindsight.  Ideally,  each  of  these  instruments  would  itself  be  pilot  tested. 
However,  the  project's  schedule  precludes  the  luxury  of  pilot  testing  the  instrumentation.  Thus,  even 
with  careful  planning,  it's  probably  inevitable  that  a  few  poor  items  will  be  included  in  each  test. 
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PRETEST/POSTTEST  RESULTS 


Several  different  analyses  of  the  pretest/posttest  have  been  conducted.  The  reader  should  keep  in 
mind  that  all  reported  numbers  are  mean  scores  on  the  test,  for  which  30  items  were  analyzed.  (Item  30 
was  eliminated  from  the  analysis  because  it  contained  an  error). 
•  Mean  Differences 

The  overall  pretest  mean  was  1 1 .46.  The  overall  posttest  mean  was  1 8.27.  This  increase  was 
statistically  significant  (correlated  t-test)  at  the  .01  level. 

The  level  of  statistically  significant  learning  gain  (.01 )  is  consistent  with  the  gains  shown  for  Units  1-5. 
Table  1  compares  the  pretest/posttest  scores  for  Units  1-6. 

Thus,  Units  1 , 4,  5,  and  6  had  fairly  consistent  pretest-posttest  learning  gains  in  terms  of  percentage 
correct.  Learning  gains  for  Units  2  and  3,  while  somewhat  lower,  were  still  statistically  significant,  indicating 
that  a  change  in  the  students*  knowledge  level  has  occured  for  each  unit. 
Individual  Items 

For  each  unit  the  project  team  has  established  criteria  for  acceptable  performance  on  each  test  item. 
These  criteria  included  either: 

1)  70%+ correct  on  an  item  or 

2)  doubling  of  pretest  score  on  the  posttest. 
Against  these  criteria,  the  results  for  Unit  6  are: 

70%+  Qf  doubling  of  percentage  correct  -  Items  1 . 4.  6,  7,9, 10, 11, 12, 13, 15, 16, 17,  27,  28. 

Less  than  70%  and  no  doubling  of  percentage  correct  -  itenfis  2,  3, 5,  8, 14, 18, 19,  20,  21,  22,  23, 24, 
25,  26,  29,  31. 

Because  this  is  a  formative  evaluation  effort  designed  to  improve  the  materials,  it  has  proved 
particulariy  useful  to  examine  the  content  of  the  items  on  which  students  performed  especially  poorly. 
First,  let's  examine  the  items  according  to  subunits. 

Mechanical  -  Three  of  eleven  items  did  not  meet  criteria. 
Fluid  -  Six  of  six  items  did  not  meet  criteria. 
Electrical  -  Five  of  eight  items  did  not  meet  criteria. 
Overview  -  Three  of  five  items  did  not  meet  criteria. 
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Thus,  students  performed  particularly  poorly  on  the  items  dealing  with  the  Fluid  and  Electrical  subunits 
and  on  the  Overview. 

In  the  kinds  of  items  on  which  students  performed  poorly,  there  continues  to  be  consistency  from  the 
first  five  units.  These  items  include: 

1)  Selected  terms.  The  Electrical  subunit  had  some  terms  that  seemed  to  cause  students  trouble. 
Students  also  performed  pooriy  on  the  item  that  dealt  with  one  of  the  unit's  key  concepts  -  that 
thermal  power  and  thermal  rate  are  equal.  Generally,  however,  there  were  fewer  terms  on  the  Unit  6 
test  than  there  were  on  previous  tests.  The  items  tended  to  be  more  analytical/computational. 

2)  Si/English  units.  These  have  been  troublesome  items  for  students  on  each  of  the  first  five  units, 
and  continued  to  be  for  Unit  6, 

3)  Mathematical  items.  Again,  through  the  first  five  units,  students  have  exhibited  ongoing  problems 
with  items  that  require  manipulation  of  formulas. 

Thus,  even  though  there  was  an  overall  statistically  significant  teaming  gain  for  this  unit,  in  a  formative 

sense  the  results  certainly  seem  to  indicate  the  need  for  a  careful  consideration  of  some  of  the  unit's 

material.  The  findings  of  this  test  indicate  that  the  Fluid  and  Electrical  subunits  deserve  particular 

attention. 
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Table  1 
Principles  of  Technology 
Pretest  and  Posttest  Scores,  Units  1-6 


Unit 
'I 

2 

3 

4 

5 

6 


Number  of  Items 
30 

33 

30 

36 

35 

30 


Pretest  Mean 
(%  correct) 
12.5(41%) 

13.6(41%) 

14.9(49%) 

16.4(46%) 

13.2(38%) 

1 1 .5  (38%) 


Posttest  Mean 
{%  correct) 
20.1  (67%) 

17.6  (53%) 

19.4  (65%) 

24.4  (68%) 

22.6  (65%) 

18.3  (61%) 
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PRETEST/POSTTEST  BY  SELECTED  VARIABLES 


The  impact  of  several  variables  on  students'  test  performance  was  examined,  including: 

1)  Student  clisracterisios. 

a)  sex 

b)  grade 

2)  Teaching  pattern. 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  background. 

a)  physics  background 

b)  mathematics  background 

These  variables  were  analyzed  v;ith  an  analysis  of  covariance,  which  controlled  for  pretest  scores. 
Table  2  examines  the  results  of  this  analysis;  all  means  reported  in  Table  2  are  for  the  posttest. 


Table  2 

Level  of 


Main  Effect 

Sianrficance 

Mean  Score 

Sex 

.48 

Boys  (257) 

18.05 

Girls  (54) 

18.30 

Grade 

.87 

Tenth  (64) 

17.11 

Eleventh  (188) 

17.98 

Twelfth  (60) 

18.87 

Consecutivd  days 

.19 

Yes  (228) 

18.64 

^^o(12) 

17.56 

Minutes  per  class 

.30 

L1B0(199) 

18.19 

50-60(39) 

2056 

60-90  (27) 

17.96 

90f  (83) 

17.48 

Combining  sessions 

.03 

Yes  (78) 

20.85 

No  (270) 

MJ52 

Physics  background 

37 

No  classes  (55) 

17.71 

1  class  (71) 

18.23 

2-4  classes  (89) 

18.64 

5-7  classes  (63) 

16.63 

8f  classes  (60) 

20.08 

Mathematics  background 

.01 

iaass(16) 

7.56 

2-4  classes  (241) 

18.40 

5-7  classes  (31) 

19.26 

8f  classes  (60) 

20.08 

Table  3  examines  these  variable  for  each  of  the  first  six  units.  As  Table  3  indicates,  students'  sex  and 
grade  did  not  have  a  consistent  impact  on  their  test  scores.  The  teaching  pattern,  including  length  of 
class  period,  teaching  on  consecutive  days,  and  combining  activities  have  had  a  fairiy  consistent  impact  on 
students'  test  scores,  although  the  overall  teaching  pattern  seems  to  have  been  less  important  for  Units  5 
and  6. 

The  effects  of  the  teachers'  physics  and  mathematics  backgrounds  on  students'  scores  continue 
to  be  somewhat  difficult  to  understand.  As  Table  3  indicates.  Unit  6  is  the  first  unit  on  which  the  teacher's 
physics  background  was  not  consistently  correlated  with  students'  scores.  On  the  other  hand,  the 
teachers'  mathematics  background  was  consistently  correlated  with  student  test  scores.  Perhaps  these 
findings  reflect  the  more  analytical/computational  nature  of  the  test,  which  is  of  course  tied  to  the 
objectives  for  Unit  6. 
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Table  3 
Principief  J  Technology 
Impact  of  Selected  Variables  on  Test  Performance 


Unit/Significant 


Variable 

1 

2 

3 

4 

5 

6 

Overall 

Sex 

No 

No 

Yes 

Yes 

No 

No 

Negligible 

Grade 

No 

No 

Yes 

No 

No 

No 

Negligible 

Consecutive  days 

Yes 

Yes 

Yes 

Yes 

No 

No 

Important 

Minutes  per  class 

Yes 

Yes 

Yes 

No 

Yes 

Important 

Combining  sessions 

Yes 

Yes 

Yes 

Yes 

No 

No 

Important 

Pfiysics  background 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Inconclusive 

fvlath  background 

No 

Yes 

No 

Yes 

Yes 

Yes 

Inconclusive 

4tCD 
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PRETEST/PC  TTEST  RESULTS  B^'  SITE 


Appendix  D  indicates  the  pre  st/posttest  rest    by  site.  Eighteen  sites  showed  statistically  significant 
(.01  level)  increases;  three  sites  showed  no  statistically  significant  gain.  Table  4  shows  the  number  of 
sites  showing  no  statistically  significant  gains  for  each  of  the  first  six  units. 

Table  4 


.'ioit  Sftes  showing  no  signrffcant  gains 

1  1 

2  4 

3  4 

4  0 

5  1 

6  3 


Thus,  Unit  6  had  more  sites  showing  no  significant  gains  than  Units  1 , 4,  and  5  but  fewer  than  Units  2 
and  3.  There  may  be  several  expk  lations  for  the  variance,  including: 

-  Variance  caused  by  the  tests.  Some  may  be  more  difficult  than  others. 

-  Random  variance. 

-  The  school  schedule.  It  seet-ns  likely  that  Units  2  and  3  had  longer  intervals  from  pretest  to  posttest 
because  of  holidays.  Unit  6  was  covered  at  the  end  of  the  school  year    most  sites. 

-  A  combination  of  the  above  factors. 

Although  there  may  well  be  a  variety  of  mitigating  factors  involved  in  the  increased  number  of  sites 
showing  no  significant  gain  for  Unit  6,  this  finding  may  serve  as  additional  evidence  that  some  .  :he 
material  in  the  unit  may  need  to  be  reconsidered.  This  ''eport  has  already  indicated  that  the  Fluid  and 
Electrical  subunits  should  be  carefully  examined. 
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STUDENT  ATTITUDE  FINDINGS 


The  student  attitude  findings  (Appendix  E)  indicated: 

The  nfiajority  of  students  (69%)  liked  the  POWER  unit  either  a  lot  (16%)  or  a  little  (53%). 

The  most  appealing  components  were  the  video  programs  (38%)  and  the  hands-on  labs  (21%).  These 
were  also  the  most  appealing  components  for  the  first  five  units. 

The  least  appealing  components  were  the  mathematics  labs  (29%)  and  the  written  material  (18%). 
Again,  these  were  also  the  least  appealing  components  for  the  first  five  units. 

Over  half  said  some  (50%)  or  most  (14%)  of  the  material  was  difficult  for  them  to  understand. 

As  they  did  with  Units  3, 4,  and  5.  students  indicated  that  the  most  difficult  components  for  them  to 
understand  were  the  mathematics  labs  (37%)  and  the  written  material  (18%).  They  indicated  that  the 
least  difficult  component  for  them  to  understand  were  the  video  programs  (46%).  (Note:  Items 
addressing  the  perceived  difficulty  of  the  components  were  not  included  for  Units  1  and  2). 

Most  students  (76%)  indicated  they  thought  the  material  in  the  POWER  unit  was  important  for  them  to 
understand. 

Table  5  examines  the  student  attitude  findings  from  the  first  six  units  on  three  important 
variables  -  appeal,  difficulty,  and  perceived  importance.  As  Table  5  indicates,  the  attitude  findings  for 
Units  1  and  2  were  somewhat  more  positive  than  those  for  Units  3-6.  However,  the  student  attitude 
findings  for  all  six  units  can  be  characterized  as  fairly  positive.  Students  found  each  of  the  units  moderately 
appealing,  few  indicated  that  most  of  the  material  was  difficult  to  understand,  and.  perhaps  most  important, 
the  majority  of  students  continue  to  affirm  the  importance  of  the  material  they  are  covering. 
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Table  5 
Principles  of  Technology 
Student  Attitudes,  Units  1-6 


Unit/Significant 

Category  1  2  ^  i  5  g 

Liked  (a  lot  or  a  little)  80%         76%         62%         66%  63%  69% 

Difficult  (most)  8%  8P/o  18%         11%  16%  14% 

Important  (very  or  sort  of)  89%         87%         77%         80%  77%  76% 
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TEACHER  RESULTS 


Questionnaires  were  received  from  20  teachers  (due  to  team  teaching,  the  number  of  sites  and  the 
number  of  teachers  are  not  equal).  Appendix  F  lists  the  detailed  teacher  comments  and  should  be 
examined  carefully,  because  the  wealth  of  data  contained  in  the  teachers'  comments  is  difficult  to 
encapsulate.  Overall,  the  teacher  findings  included: 

•  Teacher  comfort. 

Almost  all  teachers  (95%)  indicated  they  felt  comfortable  teaching  the  material  in  the  POWER  unit. 
•Time. 

The  majority  (75%)  indicated  that  the  6-day  plan  of  50-minute  class  sessions  per  subunit  is  a 
realistic  time  allotment  for  Unit  6.  Two  teachers  indicated  that  some  of  the  hands-on  labs  required 
more  than  50  minutes  to  set  up,  conduct,  and  discuss.  This  is  consistent  with  the  findings  for  the 
first  five  units. 

•  Student  reading. 

Many  (74%)  indicated  that  their  students  may  not  be  doing  the  assigned  readings  at  home.  This  is 
a  disturbing  finding  and  is  consistent  with  what  teachers  reported  for  Units  3  (67%),  4  (72%)  and  5 
(77%).  This  finding  raises  yet  an  additional  question:  Are  students  not  doing  the  assigned 
readings  at  home  because  of  an  inherent  weakness  in  the  material  or  because  of  students'  own 
constraints  (motivation,  time,  etc.)?  Whatever  the  reasons,  several  teachers  indicated  that  they 
allow  class  time  for  students  to  read  the  material. 

•  Teacher's  guide. 

Although  most  teachers  (85%)  thougot  the  teacher's  guide  provided  them  with  enough 
information  to  implement  the  unit  successfully,  a  few  (15%)  said  the  guide  probably  did  not 
containenough  information.  Generally,  those  teachers  commented  that  the  guide  should 
contain  more  details  on  problems  presented  in  the  text,  but  one  suggested  "more  background 
material." 

•  Appropriateness  for  students. 

Generally,  teachers  tended  to  indicate  that  each  day  of  instruction  was  appropriate  for  their 
students.  For  the  videos  and  C 1/C2  days  of  instruction  they  were  unanimous  in  their  responses. 
For  the  first  time  in  the  project,  almost  all  teachers  (90%+)  also  rated  both  the  hands-on  labs  and 
mathematics  labs  as  appropriate  for  their  students. 

•  Problenns. 

To  the  question,  "What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
POWER?"  nineteen  teachers  responded.  The  problems  reported  included: 

-  Hands-on  labs,  lack  of  equipment,  etc.  (12  teachers) 

-  Electrical  subunit.  (2  teachers,  neither  of  whom  elaborated  on  the  problems) 

-  Student  apathy.   (2  teachers,  one  of  whom  commented,  "Motivation  always  difficult  in  June." ) 

-  Conversion  of  units.  (1  teacher) 

-  Reading  the  kilowatt/hour  meter.  (1  teacher) 
-Formulas.  (1  teacher)  412 


-18- 


These  findings  are  consistent  with  what  teachers  reported  for  Units  1-5.  Availability  of  equipment 
for  the  hands-on  labs  continues  to  cause  teachers  the  most  problems.  On  the  other  hand,  teachers 
continue  to  affirm  the  appropriateness  of  most  of  the  material  for  their  students.  Finally,  many  specific 
recommendations  for  changes,  including  the  conrection  of  en'ors  in  the  text,  are  contained  in  the 
teacher's  comments;  these  are  carefully  examined  by  the  developers.  Overall,  the  teachers  tended  to  be 
fairly  positive  about  Unit  6. 


CONCLUSIONS 


Again,  it  is  important  to  remember  that  the  entire  pilot  test  is  part  of  the  overall  formative  evaluation 
process.  Data  are  being  collected  from  the  consortium  review  team,  from  consortium  representatives,  and 
from  teachers  and  students  at  the  pilot  test  sites.  These  data  are  then  used  as  a  basis  for  revising  the 
materials.  Certainly,  this  report  contains  much  useful  infomiation.  Some  of  the  key  findings  include: 

1)  Overall,  a  statistically  significant  (.01  level)  learning  gain  took  place.  These  learning  gains  were 
independent  of  students'  grade  and  sex. 

2)  Students  performed  least  well  on  test  items  dealing  with  mathematics  and  Si/English  units. 
These  types  of  items  alsoproved  troublesome  to  students  on  the  first  five  units.  Also,  students 
performed  particularly  poorly  on  the  itenns  dealing  with  the  Fluid  and  Electrical  subunits. 

3)  Student  attitudes  were  generally  positive.  The  attitude  findings  for  Units  3-6  were  similar.  All 
were  lower  than  the  attitude  findings  for  Units  1  and  2. 

4)  Teachers  affirmed  the  appropriateness  of  most  of  the  material  for  their  students.  Again,  this  is 
consistent  with  the  findings  for  the  first  five  units. 

5)  Teachers*  comments  indicated  that  the  most  problems  were  encountered  with  the  hands-on  labs. 
Again,  this  is  consistent  with  the  findings  for  the  first  five  units. 

6)  Although  the  teachers  were  generally  quite  positive  about  the  unit,  they  did  recommend  several 
specific  changes. 

Thus,  the  data  for  Unit  6  were  somewhat  inconsistent.  Student  test  scores  indicated  a  statistically 
significant  learning  gain,  and  yet  they  also  revealed  that  students  had  serious  problems  with  the  Fluid  and 
Electrical  subunits.  The  teacher  data  were  generally  positive,  but  two  teachers  also  indicated  that  the 
Electrical  subunit  caused  them  particular  problems.  As  has  been  the  pattern  for  the  first  six  units,  several 
teachers  also  indicated  ^hat  difficulties  in  acquiring  lab  equipment  caused  problen^.  Although  the  data  for 
Unit  6  were  generally  consistent  with  data  from  UnitGl-5,  in  a  formative  evaluation  sop<5e  they  suggest  that 
the  material  contained  in  the  Unit  6  Fluid  and  Electrical  subunits  be  carefully  examined. 
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Appendix  A 
Participating  Agencies 


Alaska  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 
Vocational  and  Technical  Education  Division 

Califonfiia  State  Department  of  Education 
Division  of  Vocational  Education 

Florida  Department  of  education 
Division  of  Vocational  Education  and  Office 
of  Instmcttonal  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 
Department  of  Adult,  Vocational  and 
Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

Kansas  State  Department  of  Education 
Community  College  and  Vocational  Education 
Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 

Maine  State  Department  of  Educational  and 
Cultural  Services 

Bureau  of  Vocational  Education/Division 

of  Program  Services 

Maryland  State  Department  of  Education 
Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 
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Minnesota  Special  Intermediate  School 
District  916 

Mississippi  State  Department  of  Education 
Vocational-Technical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  Education 
Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

TVOntario 

Oregon  Department  of  Education 
Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  of  Education 
Division  of  Adult  and  Vocational-Technical 
Education 

Virginia  Department  of  Education 

West  Virginia  State  Department  of  Education 
Bureau  of  Vocational,  Technical  and  Adult 
Education 

Wisconsin  Department  of  Public  Instmction 
Bureau  for  Vocational  Education 


Appendix  B 
Content  Review  Team 


Jon  Buschko 
Technical  Instructor 
Intel  Corporation 
Chandler,  Arizona 

Dick  Cassel 

Office  of  Press  and  Communications 
Pennsylvania  Department  of  Education 
Harrisburg,  Pennsylvania 

Dr.  Joe  Exiine 

Associate  Director  of  Science 
Virginia  Department  of  Education 
Richmond,  Virginia 

Dr.  Dan'ell  Parks,  Director 
Division  of  Vocational  Education 
Ohio  Department  of  Education 
Columbus,  Ohio 

Robert  Patton 

Coordinator  of  Instmctional  Materials  Center 
Oklahoma  Department  of  Education 
Stillwater,  Oklahoma 

Dr.  Philip  Rollain 
Project  Coordinator 

North  Carolina  Department  of  Public  Instruction 
Raleigh,  North  Carolina 

Margaret  Sentif 
Teacher 

Hinds  Junior  College 
Rankin  Center 
Peari,  Mississippi 

Don  Torney 

Superintendent  of  Youth  Programming 

TVOntario 

Toronto,  Ontario 

Jim  Wilson 

Assistant  Superintendent 
Francis  Tuttle  Area  VOTech  Center 
Oklahoma  City,  Oklahoma 
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The  objective  each  item  is  intenddd  Appendix  C 

to  address  is  listed  above  each 

item  PRINCIPLES  OF  TECHNOLOGY 


Unit  6:  POWER 
Student  Test 


Pre  Post 


0-1 

1.    Power  is  defined  as 


22 

5 

a. 

work  out  divided  by  work  in 

16 

7 

b. 

force  X  distance 

45 

78 

*c. 

work  divided  by  time 

17 

10 

d. 

work  X  time 

0-2 

2.    Thermal  power  and  thermal  rate  are 

19 

16 

a. 

both  measures  of  temperature 

40 

50 

*b. 

both  equal  to  thermal  energy  divided  by  time 

14 

6 

c. 

both  independent  of  time 

28 

27 

d. 

both  measured  in  units  of  calories  or  Btu's 

0-4 

3.  Two 

unifying  equations  for  power  in  mechanical,  fluid 

are 

P  =  W  T  T  and 

17 

18 

a. 

P  =  force  X  distance 

23 

6 

b. 

P  =  work  T  distance 

20 

12 

c. 

P  =  work  out  T  work  in 

40 

64 

*d. 

P  =  force  X  rate 

0-3 

4.  IVhen  one  thousand  newton-meters  of  work  is  done,  the  power  used  . 

19  11  a,    depenar  only  on  the  force  applied  while  the  work  is  done 
44        73  depends  on  the  time  it  takes  to  get  the  work  done 

20  7  c.    is  the  same  no  matter  how  long  it  takes 

16  9  d,    is  always  less  when  more  friction  is  present 

0-5 

5.  Which  of  the  following  units  is  not  a  correct  unit  for  power? 

13  7  a.    newton  meter/ sec  f  N"m\ 

\secj 

20         13  b.    foot  pounds/sec  /ft" lb\ 

\  sec  / 

40        60        *c.    kilowatt  hours  (kwh) 
27        20  d.    joules/sec/  J  \ 

\seci 

M6 

6.  A  machine  that  is  doing  work  equal  to  120  x  10^  ft»lb  will   if  it 

does  the  work  in  a  shorter  period  of  time, 

48  75  *a.  use  more  power 
25         13  b.    use  less  power 

24        11  Cp    use  the  same  amount  of  power 

M5 

7.  Power  in  mechanical  systems  can  be  described  as  measured  in  units  of  , 

32         14  a.    horsepower  (hp) 

10  4  bp    foot  pound/sec  (ft* lb/sec) 
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1  Cp    newton  meter/sec  (N»ir./sec)         A o 

13  d.    b  and  c  only  ^io 

69        *e.    a,  b,  and  c  -24- 


PrQ  Post 


Ml,  2,  4 

8.    Which  of  the  following  formulas  does  not  describe  power  in  a  mechanical 
system? 


16 

6 

a. 

P  = 

F  X  D 
t 

33 

31 

b. 

P  = 

F  X  V 

19 

14 

c. 

P  = 

W/t 

32 

50 

*d. 

M8 

P  = 

T  X  e 

9.    A  crane  lifts  an  1800  pound  beam  upward  at  constant  speed  a  distance  of  10 
feet.    The  work  done  is   . 


20 

7 

a. 

180  ft. 

lb 

53 

76 

*b. 

18,000 

ft.  lb 

11 

5 

c. 

180  ft 

lb/sec 

15 

12 

d. 

18,000 

ft -lb/sec 

M8 

10.  The  crane  in  problem  9  moves  the  1800  pound  beam  a  distance  of  10  feet  in  2 
seconds.    The  power  required  is  ^  . 

19  4  a.    360  ft. lb/sec 

11  4  b.    18,000  ft* lbs 

58        84        *c.    9,000  ft*lbs/sec 

12  7  d.    18,000  fflbs/sec 

MB  .  . 

11.  The  crane  in  problem  9    moves  the  1800  pound  beam  a  distance  of  10  feet  in 
1  second.    The  power  required  is   . 

52  .      83        *a.    18,000  ft* lbs/sec 

20  4  b.    4,500  ft* lbs/sec 

14  4  Co    9,000  ft* lbs/sec 

15  9  d.    18,000  ft- lbs 

M7 

12.  A  force  of  25  newtons  is  needed  to  keep  a  piston  moving  at  a  speed  of  0.5 
meters  per  second.    The  piston  power  is    (power  =  *'force''  x  rate). 


54 

88 

*a. 

12.5  watts 

15 

4 

b. 

25.0  joules/sec 

16 

4 

c. 

50.0  horsepower 

15 

3 

d. 

25.0  newton  meter/sec 

M9 

13.  Efficiency  of  a  machine  can  be  defined  as   . 

36  69  *a.  output  power  divided  by  input  power 
31        14  b.    input  power  divided  by  output  power 

14         6  c.    input  work  timer;  output  work 

19         11  d.    input  work  divided  by  output  work 

MLM3  (page  37) 

14.  The  efficiency  of  a  block-and-tackle  that  raises  a  100  kg  mass  a  distance  of 
1  meter  in  1  second  while  requiring  1000  watts  of  input  power  is   . 


49 

59 

a. 

0.10 

or 

10% 

17 

11 

b. 

0.49 

or 

49% 

26 

25 

*c. 

0.98 

or 

98% 

8  - 

5 

d. 

1.02 

or 

102% 

•25- 
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Power  in  a  mechanical,  fluid  or  electrical  system  can  be  calculated  by  using  the 
unifying  equation,  power  =  "force"  x  rate.    Match  the  "force  x  rate"  equation 
given  in  column  B  with  the  appropriate  energy  system  from  column  A  where  it 


Pre 

Post 

Column  A' 

Column  B 

38 

72 

15 .   

m 

linear  mechanical 

sys tern 

A. 

P  =  AV  X  I 

51 

80 

16.  _c_ 

M4 

linear  rotational 

system 

B. 

P  =  Ap  X  Qv 

53 

83 

17.  _a_ 

E2 

electrical  system 

C. 

P  =  T  X  03 

32 

61 

18. 

Fl 

fluid  system 

D. 
E. 

P  =  F  X  V 
P  =  Ap  X  V 

Fl 

19,    Fluid  power  used  in  a  water  pump  to  lift  water  can  be  calculated  when  we  know 
the   . 

18         6  a.    weight  of  water  raised  through  a  given  distance 

43        64        *b.    weight  of  water  raised  through  a  given  distance  in  a  measured  time  in- 
terval 

25        20  c.    rate  of  water  being  moved  (gal/min) 

14        10  d*    pump  pressure  and  water  density 


F3- 

20.    Which  of 

20 

9 

a.  = 

27 

45 

*b.  = 

27 

12 

c.    P^  = 

27 

34 

d.    Pj  = 

F3 

Ap  X  V 
t 


21,  Fluid  power  can  be  measured  correctly  in  units  of 

62        67  gal/min  or  lbs/sec 

14         6  b,    newton  meters 

17        24  horsepower  or  foot»  lbs/sec 

7         4  d,  kilowatts/sec 

F4.  5 

22,  A  gasoline  pump  refuels  an  automobile  by  raising  42  pounds  of  gasoline  (about 
7.5  gallons  or  1  cubic  foot)  a  distance  of  10  feet  each  minute.    The  power 
used  by  the  gasoline  pump  is    (P  =  W/T) . 

16  13  a.  420  ft  lbs/sec 

49  61  *b.  420  ft  Ibs/min 

24  21  c.  75  gal/min 

11  5  d.  10  cubic  feet/sec 


Prg  Post 

F4,  5 

23.    A  gasoline  pump  refuels  an  aircraft  by  developing  a  pump  pressure  of  500  lbs 
per  square  foot  while  moving  gasoline  from  the  tanker  to  the  plane  at  a  rite 
of  30  gallons  per  minute  (30  gallons  =  4  cubic  feet).    The  fluid  power  used 
by  the  pump  is   =  AP  x 


36        38  a.    15,000  fflbs/min 

21  7  b.    2,000  ft* lbs 

38        47        *c.    2,000  fflbs/min 
11  8  d.    15,000  ft 'lbs 

El,  2 

24.  Which  of  the  following  is  not  a  correct  definition  for  electrical  pov.-er? 

27        25  a.    The  rate  at  which  electrical  work  is  done. 

32  46        *b.    Work  done  when  a  voltage  moves  or  displaces  electric  charge. 

33  27  c.    Equal  to  voltage  difference  times  current. 

E3 

25.  Electrical  power  can  be  expressed  in  all  of  the  following  equations  except 

a.  P  =  AV  X  I 

b.  P  =       X  R 
*c.     P  =  AV/R 

d.     P  =  (AV.q)/T 
E4 

26.  The  kilowatt  hour  (kwh)  is  a  unit  of 


47 

43 

a. 

power 

29 

50 

*b. 

energy 

17- 

6 

c. 

resistance 

E4 

27.  Electrical  power  can  be  described  or  measured  correctly  in  all  of  the  fol- 
lowing units  except   . 

a«  watts 

b.  volts  X  amps 

c.  joules/sec 
^^d.  kilowatt  hour 

E5 

28.  An  electrical  toaster  requires  a  voltage  of  110  volts  and  a  current  of  9.09 
amps.    Its  power  usage  is    (power  =  "force"  x  rate). 

a.    99.9  watts 
*b.    999.9  watts 

c.  0.110  watts 

d.  1.10  watts 
E5 

29.  A  60  watt  lamp  bulb  operating  on  110  volts  uses    (power  =  "force"  x  rate 


15 

7 

a. 

5.45  amps  of  current 

35 

49 

*b. 

0,  545  amps  of  current 

24 

18 

c. 

6.6  amps  of  current 

27 

26 

d. 

66  amps  of  current 

ERIC 
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30.  What's  the  maximum  current  that  can  flow  through  a  resistor  rated  at  25 
ohms  and  10  watts  (P  -  AV  x  I  and  AV  =  I  x  R)? 

*a.    2  amps 

b.  4  amps 

c.  1  amp 

d.  not  enough  information  to  solve  the  problem 
E5 

31.  How  much  electrical  energy  is  consulted  if  a  10  horsepower  motor  operates 
for  10  seconds  (1  horsepower  =  746  watts  and  1  watt  =  1  joule/sec)? 


30 

31 

a. 

7,  460  M^tts 

20 

9 

b. 

74,000  watts 

28 

25 

c. 

7,460  joules 

22 

34 

*d. 

74,600  joules 

ERIC 


422 

-28- 


All  tiumbers  in  percent 

Due  to  rounding  numbers  Appendix  E 

do  not  equal  100% 
^^311  PRINCIPLES  OF  TECHNOLOGY 

UNIT  6:  POWER 
STUDENT  ATTITUDE  QUESTIONNAIRE 


Sex:    IB^  Female    02^  Male 

Grade:   9  10     £1_  11      n_  12 

1.    Overall,  did  you  like  the  unit  on  POWER? 


16   yes,  a  lot  20   no,  not  very  much 

53  yes,  a  little  IL.  all 

2.    What  conq)onent  did  you  like  most  in  the  POKER  unit? 

5  the  written  material  21    the  hands  on  labs 
38   the  video  programs  31   no  preference 

8   the  math  labs  more  than  one  component  =  7 

3^    IVhat  con5)onent  did  you  like  least  in  the  POWER  unit? 

18  the  written  material  4   the  hands  on  labs 

6  the  video  programs  34   no  preference 

29   the  math  labs  more  than  one  component  =  9 

4o    Overall,  was  the  material  that  was  covered  in  the  POWER  unit  dif- 
ficult for  you  to  understand? 

14  yes,  most  of  the  material  was  difficult  for  me  to  understand 
SO  yes,  some  of  the  material  was  difficult  for  me  to  understand 
35   no,  most  of  the  material  was  not  difficult  for  me  to  understand 

5.    Which  component  of  the  POWER  unit  was  the  most  difficult  for  you  to 
understand? 


18  the  written  material   6_  the  hands  on  labs 

2    the  video  programs  28  no  component  was  particularly  dif- 

37  the  math  labs  ficult 

more  than  one  component  =  9 
6.    Which  component  of  the  POWER  unit  was  least  difficult  for  you  to 
understand? 

10   the  written  material  15    the  hands  on  labs 

46  the  video  programs  18   all  components  were  equally  dif- 

6  the  math  labs  ficult 

more  than  one  component  =  5 
7o    Do  you  think  the  material  in  the  POWER  unit  is  important  for  you  to 
understand? 


35  yes,  very  important  15   no,  not  very  important 

41  yes,  sort  of  important  9   no,  not  at  all  important 

S.    Do  you  have  any  comments  about  the  POWER  unit? 
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All  numbers  if  percent 
Due  to  rounding  numbers 


Appendix  F 


do  not  equal  100% 
n=20 


PRINCIPLES  OF  TECHNOLOGY 
UNIT  VI :  POWER 
TEACHER  QUESTIONNAIRE 


1,    What  did  you  like  most  about  the  POWER  unit? 
See  attached  comments 


2,    IVhat  did  you  like  least  about  the  POWER  unit? 
See  attached  comments 


3,  In  terms  of  their  overall  impact  (instructional  effectiveness,  student 
interest,  manageability)  rank  each  of  the  components  of  the  POWER  unit 
using  the  following  scale: 

A  =  Excellv  t 
B  =  Good 
C  =  So-so 
D  =  Poor 
E  =  Terrible 

Place  the  letter,  corresponding  to  your  ranking,  next  to  each  component, 

A=25;B=50iC=5  student  handbook    B=74;C=13;C=13  hands  on  labs 
A=45;B=5olc=5^i^^^^  A=51B=75 ;C=ir» jD^S  teacher's  guide 

A=32;B=42;^iimath  labs 
D=5;E=5 

Please  explain  any  C,  D,  or  E  rankings  and/or  list  any  other  comments 
you  have  about  the  components: 

See  attached  comments 


4o    Which  of  your  students  seem  to  be  the  most  successful  with  the  Unit 
VI  material? 

50  above  average  35_  average 


below  average 


15   ability  level  didn^t  seem  to  affect 
student  performance 


Comments : 


See  attached  comments 


-31- 


426 


So    Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit, 
of  50-minute  class  sessions  is  realistic  for  the  POWER  subunits? 


30   yes,  definitely 
45   yes ,  probably 
Please  comment: 
See  attached  comments 


15    no,  probably  not 
10    no,  definitely  not 


6.    On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class 
in  the  unit  on  POWER? 


25    0-30  minutes 
45    31-60  minutes 
20    61-90  minutes 

Comments: 

See  attached " comments 


5    91-120  minutes 
5    121-180  minutes 
181  or  more  minutes 


7.  Overall,  did  you  feel  comfortable  teaching  the  materials  in  the  unit, 
on  POIVER? 

55   yes,  very  comfortable  5    no,  not  very  comfortable 

40   yes,  sort  of  comfortable    no,  not  at  all  comfortable 

If  no,  please  specify: 
See  attached  comments 

8o  Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 
10  definitely  16^  probably  53_  probably  not  21_  definitely  not 
Comments i 

See  attached  comments 


9o    What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
POWER? 

See  attached  comments 
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10.  Do  you  feel  the  Teacher's  Guide  material  provided  you  with  enough  in- 
formation to  help  you  successfully  implement  the  unit? 

45  definitely      40  probably      10  probably  not       5   definitely  not 

If  no,  what  should  be  added  to  the  guide  to  make  it  more  useful? 

See  attached  comments 

11.  Did  you  teach  Unit  VI:  POWER  on  consecutive  days  for  26  days? 
JS)^  yes     jo_  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 
See  attached  comments 

12.  How  much  time  per  session  did  you  teach? 

55  50  minutes  or  less  61 -9C  minutes 

25  51-60  minutes  10_  91+  minutes 

13.  Did  you  combine  any  clashes  into  one  session  (for  example,  teach 
classes  CI  and  C2  in  one  session)? 

45  yes     _55_  no 

If  yes,  which  classes  did  you  combine? 
See  attached  comments 


14,  How  many  physics  courses  did  you  take  in  college  (undergraduate  and 
graduate) ? 

16  none  5  5-7 

26   1  21    8  or  more 
m  2-4 

15.  How  many  math  courses  did  you  take  in  college  (undergraduate  and 
graduate) ? 

none  21  5-7 

5   1  16    8  or  more 

16*    Do  you  have  any  other  comments,  concerns,  or  suggestions  for  the  unit 
on  POWER? 

See  attached  comments  4.2S 

-33- 


ERIC 


The  following  chart  lists  each  activity  for  the  unit  on  POWER  down  the 
left  column.    Since  there  are  no  materials  specifically  for  the  subunit  re- 
view classes,  these  classes  have  not  been  listed  in  the  chart.    For  each  ac- 
tivity, you  should  respond  to  the  following  questions  by  circling  "yes"  or 
"no": 

1)  Was  the  material  (readings,  labs,  or  videos)  appropriate  for  your 
students?    Was  the  material  at  the  right  grade  level?    Was  the 
amount  of  material  appropriate  for  your  students?    For  any  no 
responses,  please  use  the  attached  pages  to  describe  your  con- 
cerns, 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction  in  the 
50-minute  time  period?    (Since  this  question    doesn't  apply  to  the 
video,  no  response  options  have  been  provided  for  the  coluann. 
Please  do  respond,  however,  to  the  other  questions  about  the  video,) 
For  any  no  responses,  please  use  the  attached  pages  to  describe 

why  you  could  not  complete  the  material  and/or  what  you  chose  to 
delete, 

3)  Were  there  any  errors  or  inaccuracies  in  the  material?  For  any' 
yes  responses,  use  the  attached  pages  to  specify  the  errors  and 
recommended  corrections, 

4)  Were  there  any  problems  managing  the  activity?    For  the  labs, 
were  all  your  students  able  to  rotate  through  the  labs?  Did 
you  experience  any  problems  coordinating  the  labs?    Did  you  ex- 
perience any  problems  setting  up  or  tearing  down  the  labs?  Did 
you  experience  any  problems  coordinating  the  activity?    For  any 
yes  responses,  use  the  attached  pages  to  specify  the  problems  you 
had  and,  if  possible,  suggest  changes  you  feel  would  enable  you  to 
more  easily  manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material?  For 
any  yes  responses,  use  the  additional  pages  to  specify  your  sug- 
gestionso    Include  in  this  section  any  ^teaching  tips"  -  special 
procedures  you  used  or  means  you  discovered  to  more  easily  convey 
the  information  to  students.    Include  in  this  section  any  comments 
you  may  have  for  the  Teacher's  Guide, 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the 
chart  and,  most  importantly,  to  write  down  your  comments.    If  you  need 
more  space  for  comments,  use  the  back  of  the  comments  pages  and/or  attach 
additional  sheets. 
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responses  is  the 
number  in  each  column. 
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Overview 
Video 


CO 


Mechanical  Systems 
Video 


CI 


C2 


Math  Lab 


6M1 


6M2 


Fluid  Systems 
Video 


CI 


C2 


Math  Lab 


6F1 


6F2 


Electrical  Systems 
Video 


CI 


C2 


Math  Lab 


6E1 


6E2 


100 

ves  17  no 


100 

yes  17  no 


100 

yes  1/  no 


100 

yes  17  no 


100 

yes  17  no 


93  7 
yes  14  no 


100 

yes  13  no 


100 

yes  9  no 


100 

yes  16  no 


100 

yes  15  no 


100 

yes  15  no 


93  7 
yes  14  no 


92  8 
yes  12  no 


100 

yes  8  no 


100 

yes  17  ro 


100 

yes  16  no 


100 

yes  16  no 


93  7 
yes  15  no 


100 

yes  12  no 


100'  Q 

yes  9  no 


85  15 
yes  13  no 


87  13 
yes  15  no 


86  1,  14 
yes  14  no 


54  46 
yes  13  no 


67  33 
yes  12  no 


50 
yes 


ft  50 
8  no 


85  1,  15 
ves ij  no 


85  15 
yes  1 J  no 


50 
yes 


12 


50 
no 


73  11  27 
yes  11  no 


50  ,  50 
yes  a  no 


86  14 
yes  14  no 


86  14 
yes  14  no 


77  ,23 
yes  13  no 


70  30 
yes  10  no 


yes  7  i?J 


100 

yes  16  no 


100 

yes  15  no 


100 

yes  15  no 


7  93 
yes  15  no 


100 

yes  14  no 


43  57 
yes  14  no 


17  83 
yes  12  no 


100 
yes  8  no 


100 

yes  14  no 


100 

yes  13  no 


29  71 
yes  14  no 


8  92 
yes  12  no 


9  91 
yes  11  no 


100 

yes  7  no 


100 

yes  15  no 


100 
yes  14  no 


13  87 
yes  15  no 


7  93 
yes  14  no 


100 
yes  10  no 


100 

yes  7  no 


,100 
yes  16  no 


,100 
yes  15  no 


yes  16 


,100 
yes  15  no 


,100 
yes  14  no 


8  ,o  92 
yes  13  no 


17  83 
yes  12  no 


25  ^  75 
yes  8  no 


,100 
yes  15  no 


100 
yes  13  no 


yes  13  no 


yes  12  no 


27  73 
yes  11  no 


29  ,  71 
yes  7  no 


,100 
yes  16  no 


,,100 
yes  14  no 


yes  14  no 


1^100 
yes  13  no 


27  73 
yes^  no 


?^s  7  i?i 


11  TO  89 
yes  18  no 


6  1^  94 
yes  16  no 


6  94 
yes  17  no 


6  94 
yes  16  no 


7  93 
yes  15  no 


21  1,  79 
yes  14  no 


31  -^69 
yes  13  no 


33  o  67 
yes  9  no 


6  1^  94 
yes  16  no 


7  1/  93 
yes  14  no 


14  86 
yes l4  no 


25  10  75 
yes  12  no 


42  58 
yes  12  no 


43  ^  57 
yes  7  no 


6  _  94 
yes  17  no 


7  93 
yes  15  no 


13  87 
yes  15  no 


14  86 
yesi^  no 


36  64 
yesll  nc 


50  ^  50 
yes  8  no 
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The  niimber  of  responses  is 
ddle  number  in  each 


Thermal  Systems 
Video 


CI 


Summary 

Video 


100, . 
yes  16  MO 


yes  16  iio 


100.. 
yes  Id  no 


86-,  14 
yes  14  no 


T^lOO 

yes  15  no 


.,100 
yes  14  no 


1,100 
yes  14  no 


1,100 
yes  14  no 


-,100 
yes  14  no 


1,100 
yes  14  no 


7-,  93 
yes  14  no 


14-,  86 
yes  14  no 


-,100 
y'esl4  no 
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Comments  for  Overview  Class 

See  attached  comments 
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Comments  for  Videos 


Overview  Video:    See  attached  coniments 


Mechanical  Systems  Video:     See  attached  comments 


Fluid  Systems  Video:     See  attached  comments 


Electrical  Systems  Video:     See  attached  comments 


Thermal  Systems  Video:    See  attached  comments 


Summary  Video:    see  attaclied  corrments 
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Comments  for  CI  Classes 
Mechanical  Systems  CI:     See  attached  conments 


Fluid  Systems  CI:     See  attached  comments 


Electrical  Systems  CI:     see  attached  comments 


Thermal  Systems  CI:  see  attached  comments 


ERLC 


Comments  for  C2  Classes 


Mechanical  Systems  C2:    See  attached  comments 


Fluid  Systems  C2:     See  attached  comments 


Electrical  Systems  C2:    See  attached  comments 


Comments  for  Math  Lab  Classes 
Mechanical  Systems  Math  Lab:    See  attached  comments 


Fluid  Systems  Math  Lab:    See  attached  comments 


Electrical  Systems  Math  Lab:     See  attached  comments 


Comments  for  Lab  1  Class 


Mechanical  Systems  Lab  1:    see  attached  comments 


Fluid  Systems  Lab  1:    see  attached  comments 


Electrical  Systems  Lab  1:     see  attached  comments 
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Conunents  for  Lab  2  Classes 


Mechanical  Systems  Lab  2:     See  attached  comments 


Fluid  Systems  Lab  2:    See  attached  comments 


Electrical  Systems  Lab  2:   See  attached  comments 


Comments  for  Summary  Class 

See  attached  cominents 
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PRINCIPLES  OF  TECHNOLOGY 
UNIT  VI:  POWER 
TEACHER  QUESTIONNAIRE 


QUESTION  1  COMMENTS 
What  did  you  like  most  about  the  POWER  unit? 

1.  Fluid  POWER  section.  (#25) 

2.  Electrical  section  (#13) 

3.  The  math  problems  were  better.  (#17) 

4.  Relief  from  the  ENERGY  unit,  it  seemed  like  an  intemiption  in  the  flow  of 
material.  (#12) 

5.  No  preference,  the  videos.  (#33) 

6.  The  unifying  concepts  were  more  obvious  in  this  unit.  Also,  the  subunits 
fluid  and  electrical  were  excellent.  The  math  labs  were  great  too.  (#45) 

7.  Lab  work  (electrical  and  mechanical  systenns).  (#58) 

8.  Again  this  unit  tends  to  pull  all  previous  units  together  for  better  and 
more  complete  understanding.  (#38) 

9.  That  it's  over.  (#08) 

10.  Better  labs.  (#62) 

11.  It  seemed  to  be  easier,  the  concepts  were  logical  and  everything  seemed 
to  fall  into  place.  I  thoroughly  enjoyed  POWER.  (#11) 

12.  POWER  concept  particulariy  well  done  in  electrical  subunit.  (#30) 

13.  The  videos  and  labs  for  mechanical  POWER.  (#32) 

14.  I  feel  the  whole  unit  was  well  prepared  but  the  exercise  on  electricity 
costs  was  very  good.  (#63) 

15.  Everything.  (#27) 

16.  POWER  seems  to  be  eaiserto  understand  than  ENERGY.  We  didn't  have 
time  to  complete  this  unit.  (#36) 
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QUESTION  2  COMMENTS 
What  did  you  like  least  about  the  POWER  unit? 

1.  Mistakes  in  the  material.  (#25) 

2.  Heat.  (#13) 

3.  Thermal  was  not  property  developed,  i.e.,  there  is  a  lot  to  be  said  for 
solar  power.  (#17) 

4.  Recovering  momentum  again,  going  back  to  WORK.  RATE.  FORCE,  etc.  We 
seem  back  on  track  after  the  E  side  trip.  (#1 2) 

5.  No  preference.  (#33) 

6.  Not  having  the  right  equipment.  (#45) 

7.  No  equipment.  (#42) 

8.  The  equipment  didn't  get  here.  There  were  really  no  bad  features 
except  that.  (#38) 

9.  The  lack  of  equipment  to  do  experiments  with.  (#08) 

10.  Exam,  heavy  on  math  and  formula  use.  (#62) 

11.  Demonstrations.  (#30) 

1 2.  Not  enough  applications,  too  many  unit  changes  in  problems.  (#56) 

13.  The  labs  for  electrical  POWER.  (#32) 

14.  No  equipment.  (#07) 

1 5.  Some  of  the  errors  in  the  teacher's  guide  answer  sheets  for  the  math 
labs.  Most  were  or  appeared  to  be  typos.  (#63) 

16.  Equipment  limitations  reduced  hauJs-on  labs  to  a  minimum.  Math  labs 
were  hard  for  the  students.  (#2?) 

17.  Due  to  the  year  coming  to  an  end  we  didn't  have  as  much  time  to  devote 
to  this  unit  as  we  should,  consequently  there  was  not  as  much  learning 
that  took  place  as  we  would  have  liked.  Again,  we  didn't  have  all  the 
necessary  equipment.  (#36) 


QUESTION  3  COMMENTS 

In  terms  of  their  overall  impact  (instructional  effectiveness,  student  inter- 
est, manageability)  rank  each  of  the  components  of  the  POWER  unit. 

1.  Mistakes  in  math  labs.  (#25) 

2.  Math  labs  did  not  coincide  with  unit.  Hands  on  labs  were  ridiculous. 

(#13) 

3.  Videos  seemed  to  lack  punch.  A  lot  of  redundant  material.  (#17) 

4.  Some  students  feel  the  math  labs  don*t  explain  well  enough.  Did  not  do  a 
lot  ofthe  hands-on  labs.  (#33) 

5.  Videos  and  teacher's  guide  can  be  improved  a  little  more.  But  the  rest 
was  excellent.  (#45) 

6.  Math  labs  do  not  relate.  Hands-on  labs,  no  equipment.  Teacher's  guide 
not  much  help.  (#08) 

7.  Just  needs  to  be  more  relevant  and  interesting.  (#56) 

8.  Math  labs  were  a  bit  difficult  for  some  of  my  students.  (#32) 

9.  The  equipment  required  was  not  readily  available  for  all  labs,  I  feel  al- 
ternative labs  or  suggested  demos  might  help  when  equipment  is  not 
available.  Teacher's  guide  needs  to  be  edited  a  little  more  thoroughly. 
(#63) 

10.  Need  student  text  to  be  less  wordy.  Need  teacher  guide  to  be  more  in- 
clusive. (#37) 

11.  Same  old  problem  -  lack  of  equipment.  I  think  the  concepts  were  good 
but  equipment  is  needed  to  conduct  a  lab.  (#36) 
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QUESTION  4  COMMENTS 
Which  of  your  students  seem  to  be  the  most  successful  with  the  Unit  4  material? 

1 .  All  students  are  about  the  same.  Some  will  have  problems  with  one  area 
and  some  with  another.  (#25) 

2.  The  material  in  this  unit  is  somewhat  harder  for  students  with  lower 
abilities,  really  anyone  that  applies  themselves.  (#33) 

3.  Everyone  did  quite  well  on  this  unit.  They  said  it  was  easy.  (#11) 

4.  Previous  comments  apply  pertaining  to  as-expected  positive 
performance  of  better  students  and  unusually  good  performance  of 
average  students.  (#30) 

5.  Because  average  students  have  had  experience  to  vocational  or  Industrial 
arts  courses  they  seem  to  get  the  overall  concepts  wore  quicl<ly.  (#63) 

6.  Mathworkwasdifficultfor  many  students.  (#27) 
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QUESTION  5  COMMENTS 

Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50- 
minute  class  sessions  is  realistic  for  the  POWER  subunits? 

1 .  Few  teachers  will  be  able  to  follow  these  ideal  settings,  I  think.  (#25) 

2.  UnitG  went  fairly  fast.  (#13) 

3.  I  like  it.  (#17) 

4.  An  extra  day  every  second  film.  (#v33) 

5.  We  did  not  use  the  six'  day  plan  but  we  used  more  hours  than  this.  (#58) 

6.  We  meet  every  other  day  for  85  minutes.  (#11) 

7.  Tm  sure  that  if  the  lab  equipment  had  been  in  place  I  would  have 
needed  nrx)re  time.  (#38) 

8.  More  time  is  needed.  (#32) 

9.  I  feel  more  time  is  needed  for  lab  work.  The  set-up  and  take  down  time 
is  using  up  some  of  the  50-minutes  allotted.  (#63) 

10.  Some  areas  need  a  bit  more  time.  (#37) 
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QUESTION  0  COMMENTS 

On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  in 
the  unit  on  POWER? 

1 .  Needed  time  to  construct  labs  that  I  thought  were  more  significant.  (#13) 

2.  For  me,  the  unit  was  easier  to  teach.  (#17) 

3.  Spent  lots  of  time  in  hardware  stores.  (#1 2) 

4.  Large  time  for  the  few  labs  where  equipment  was  available.  Class  prep 
time  for  lecture/demo  classes  acceptable.  (#30) 

5.  Most  of  my  time  is  used  in  desperate  search  for  altomative  to  labs  that 
I  am  not  equipped  to  handle.  (#63) 


QUESTION  7  COMMENTS 
Overall,  did  you  feel  comfortable  teaching  the  materials  in  the  unit  on  POWER? 

1.  I  enjoy  the  eiectrical  but  do  not  have  as  much  experience  in  it  as 
some  of  the  other  units.  (#58) 

2.  Tm  not  a  physics  teacher  (#08) 
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QUESTION  8  COMMENTS 
Do  you  think  most  of  your  students  did  the  assigned  readings  at  home? 

1 .  We  reac?  in  class  as  my  students  are  here  for  3  hours  each  day.  (#1 7) 

2.  They  don't  unless  the  structure  of  the  class  forces  them  to  read  at 
home.  (#12) 

3.  About  80%  of  them  did.  (#45) 

4.  We  did  all  reading  in  class.  (#58) 

5.  Students  never  took  book  home.  (#08) 

6.  Not  surprising.  This  is  June.  (#30) 

7.  Again,  I  feel  that  this  area  is  the  program's  weakest  link.  Reading  is 
essential  but  it  will  require  time  before  the  students  will  comply  100%. 
(#63) 
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QUESTION  10  COMMENTS 

Do  you  feel  the  teacher's  guide  material  provided  you  with  enough 
information  to  help  you  successfully  implement  the  unit? 

1 .  More  math  examples  without  errors  showing  different  ways  to  address 
problems.  (#25) 

2.  Except  kw/hr  meter.  (#17) 

3.  More  background  material.  (#08) 

4.  More  and  better  demonstrations  suggested.  (#30) 

5.  More  explanation  on  student  exercises  and  nrwre  detail  on  diagrams. 
(#37) 
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QUESTION  11  COMMENTS 
Did  you  teach  Unit  VI:  POWER  on  consecutive  days  for  26  days? 

1.  3  days  a  week.  (#25) 

2.  2  days  a  week,  2  hours  a  day.  (#13) 

3.  I  explained  the  material  before  I  left  for  3  days.  I  had  the  siudents 
work  on  the  student  exercises,  and  math  skills.  (#33) 

4.  Two  days  a  week  most  of  the  time.  (#58) 

5.  Every  other  day  for  95  minutes.  (#11) 

6.  Skipped  math  labs  and  nrwst  hands  on  labs  because  of  lack  of  equipment. 
(#08) 

7.  Double  periods  d-^ing  alternate  weeks.  (#30) 

8.  We  could  not  do  the  labs  due  to  the  lack  of  equipment.  Therefore  we  had 
to  wori<  on  other  things  during  this  time.  (#07) 


450 


QUESTION  13  COMMENTS 

Did  you  combine  any  classes  into  one  session  (for  example,  teach  classes  C1 
and  C2  in  one  session)? 

1.  Didnt  keep  track.  (#25) 

2.  Math  labs  and  hands-on  labs  and  in  some  cases  C1  and  C2.  (#13) 

3.  CI  and  C2  of  fluid  POWER,  CI  and  C2  of  overview.  (#45) 

4.  CI  andC2.  (#38) 

5.  CI  andC2,M-L1,L2-Summary.  (#11) 

6.  CI  with  pretest  and  bookkeeping.  CI  and  C2,  LI  and  Ml ,  L2  and  CR  (in 
cases  where  2  labs  were  possible).  (#30) 

7.  Fluid  POWER,  teacher  lab  with  lab  F2.  (#32) 

8.  CI  andC2.  (#07) 

9.  C2  and  math  lab  in  electrical  unit.  (#36) 
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QUESTION  16  COMMENTS 
Do  you  have  any  other  comments,  concerns  or  suggestions  for  the  unit  on  POWER? 

1.  More  thermal!  (#17) 

2.  It  was  excellent,  materials  were  good  and  easy  to  understand  for  most  of 
my  students.  (#45) 

3.  Alter  the  style;  at  this  point  the  CI ,  C2,  LI ,  L2  has  become  too  familiar 
to  have  the  problems  and  their  method  and  solution.  (#12) 

4.  Question  30  on  test  has  no  correct  answer.  Answer  should  be  0.6324555 
amps.  (#08) 

5.  Do  not  require  so  much  unit  conversion  in  the  problems.  (#07) 

6.  I  feel  the  hands-on  labs  may  need  a  little  modification.  There  is  a  need 
for  supplenental  activities  either  in  or  out  of  class.  (#63) 

7.  Teacher  suggestions  have  become  limited.  Some  additional  comments  on 
labs  would  help.  (#27) 


COMMENTS  FOR  OVERVIEW  CLASS 

1.  Okay.  (#17) 

2.  Okay.  (#12) 

3.  Was  excellent  (#45) 

4.  Could  use  some  interesting  and  v/orkable  demonstrations.  (#30) 
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COMMENTS  FOR  VIDEOS 

1.  All  were  good.  (#13) 

2.  All  were  okay. 

Thermal:  Needs  more  material.  (#17) 

3.  We  do  not  run  on  SO-minute  classes  so  we  have  some  extra  time  on  some 
units  and  less  on  others.  (#58) 

4.  All  good.  (#12) 

5.  All  were  good. 

Mechanical:  It  was  good  but  can  be  improved  by  adding  mere  practical 
applications.  (#45) 

6.  Overview:  No  problem,  good  overview. 

Mechanical:  Kids  react  well.  Technician  made  good  presentation. 

Fluid:  Very  practical.  Students  paid  attention  and  commented  on  impor- 
tance of  topic. 

Electrical:  Nice  program;  no  difficulty  that  we  noticed. 
Thermal:  No  problem. 

Summary:  Good  review.  Kids  watched  and  reacted  well.  Seemed  to 
cover  points  of  text  sufficiently  and  emphasized  importance  of  key 
concepts.  (#30) 

7.  Excellent.  (#63) 


COMMENTS  FOR  C1  CLASSES 


1.  All  were  good  and  informative.  (#13) 

2.  All  were  good. 

Thennal:  Too  short,  needs  more  development.  (#17) 

3.  All  were  excellent.  (#45) 

4.  Mechnical:  Practice  ft  lb/sec— >Nm/sec—>watts—>hp  conversions  to 
get  that  obstacle  out  of  the  way,  then  go  on  to  power  problems. 

Fluid:  WeVe  stopped  reading  the  sample  problems  in  the  text.  IVe 
stubstituted  some  of  my  own  where  the  students  have  to  work  on  their 
own  to  find  the  answer.  They  tend  to  read  the  answer  given  and  quit. 

Electrical:  Page  103  chart.  At  least!  print  it  on  heavy  stock  and  hand 
it  out  earlier.  We  blitzed  through  this  subunit  to  make  it  to  the  end 
of  the  unit  before  school  ended.  (#12) 

5.  Thermal:  Too  short.  (#08) 

6.  Electrical:  You  definitely  need  a  nrwre  practical  approach.  Simply 
using  Rl,  a  voltmeter  and  ammeter  would  be  easier.  A  small  amprobe 
meter  $45  to  $60  could  be  used  with  heater  carts  for  A/C,  like  elec- 
tricians do  it.  (#62) 

7.  Mechanical:  Running  the  lab  experiment  before  the  class  is  not  a  Jemo. 
butapre-lab.  A  few  good  demos  are  in  order.  No  problem  with  the  text 
material. 

Fluid:  Recommend  a  page  added  to  teacher's  edition  which  can  be  used 
to  make  an  overhead  transparency  (full  size)  of  such  diagrams  as  figure 
6-9. 

Electrical:  Nice  to  see  Ohm's  law  showed  up  again. 

Themial:  Good  review.  Combines  well  with  review  class  since  it  is  also  a 
review  of  heat  rate.  (#30) 

8.  Mechanical:  Page  19,  heat  power?  (#07) 
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Comments  for  C2  Classes 


1.  All  were  good.  (#13) 

2.  All  were  good.  (#17) 

3.  All  were  excellent.  (#45) 

4.  Mechanical:  We  went  through  this  pretty  fast,  it  seemed  like  review, 
which  is  why  I  think  POWER  should  follow  immediately  after  WORK. 
(#12) 

5.  Fluid:  Page  67,  example  6-6,  P  =  1444  not  1425  ft  lb/sec.  P  =  2.63  Hp 
not  2.59  Hp.  Page  68,  part  b,  DP  =  6240  Ib/ft2,  not  6.240.  Page  T-71  a. 
P=  188.4  ft  lb/sec  not  182.4.  (#42) 

6.  Fluid:  PageT-71a#5,  P=188.4ft  !b/s6j,  not  182.4. 

Electrical:  Page  T109,  and  109a,  #7  should  be  3730  watts;  #8  Pelec 
should  be  l=3.36A.  (#38) 

7.  Mechanical:  No  problem. 

Fluid'  Class  material  good;  student  exercises  good. 

Electrical:  I  would  have  preferred  to  see  a  slightly  clearer  reference 
made  to  the  point  that  a  -power  meter"  really  measures  energy  in  the 
event  that  the  laboratory  equipment  was  not  available.  It  was  stressed 
during  the  6E1  lab,  however.  (#30) 

8.  Mechanical:  For  CI  and  C2,  sample  problems  seem  a  bit  complex  to  begin 
with.  !*d  like  to  see  several  stralghtfon^/ard  problems  to  practice  the 
concept  first  then  give  them  something  changing  the  units,  etc. 

Fluid:  Seems  like  too  many  problems.  I  would  like  more  discussion, 
nfiore  applications. 

Electrical:  Seems  like  too  many  problems,  what  happened  to  all  the 
applications  as  in  eariier  chapters?  They  may  be  obvious  with  this  unit 
but  let's  hear  them  anyway.  (#56) 

9.  Fluid:  Student  exercises,  problem  5,  page  T-71a,  error. 

Electrical:  Student  exercises  problem  #2,  c  and  d  are  the  same. 
Problem  8,  typo:  -psig.-  Problem  #8  has  wrong  answer,  should  be  4.38. 
(#07) 


Commants  for  Math  Lab  Classes 

1 .  As  far  as  all  math  labs  are  concerned,  they  ar^  not  straightfonward  en- 
ough. The  material  in  the  reading  is  straightforward  but  when  we  get  io 
the  ma  h  probleois  the  student  is  supposed  to  exhibit  a  level  of  under- 
standing tht  does  not  fit  the  text.  ThiJ  could  be  easily  remedied  by 
having  more  of  the  simpler  problems  right  at  the  start  of  the  lab  or  re- 
view, and  indicating  the  simpler  problems  so  that  the  student  could  get 
some  satisfaction  instead  of  frustration  before  going  on  to  the  more  dif- 
ficult questions.  The  questions  in  the  reviews  are  tumed  around  prob- 
lems which,  although  they  are  clever  and  challenging,  nonetheless  tum 
the  average  and  below  average  students  off.  It  should  be  stated  at  the 
beginning  of  each  section  exactly  what  level  of  math  understanding  is 
required  to  do  that  section.  For  example,  this  unit  requirec  s  funda- 
mental understanding  of  s^nfiple  algebra  and  a  little  geometry.  (#25) 

2.  Mechanica!:  Problems  loo  few  and  not  really  appropriate.  Students  ques- 
tioned what  items  used  were.  Takes  a  lot  of  my  time  creating  new 
problems. 

Fluid:  Need  more  problems. 

Electrical:  Need  nwre  problems.  Very  good.  (#13) 

3.  Mechanical:  Problem  2b  should  be  73.3' (because  .5HP  =  275  ft  lb/sec. 
2c  should  be  23.98  ft  lbs.  Problem  4a  should  be  .25  in.  Took  longer 
than  50  minutes.  Excellent  math. 

Fluid:  Took  longer  than  50-minutes.  Should  shorten.  Excellent  math. 
Electrical:  Excellent.  (#17) 

4.  They  were  good  but  by  having  more  mathematical  formulas  involving 
trig  and  geometry  in  prcblems,  they  could  have  been  more  suitable  for 
advanced  students.  (#45) 

5  Mechanical:  Assigned  individual  problems  as  homework.  These 
problems  are  tough  to  teach.  Do  them  on  the  board  and  bore  the  kids  to 
death  or  do  them  in  class  and  some  students  become  passive  copiers.  I 
stoppped  teaching  the  math  labs  in  the  ENERGY  unit. 

Fluid:  Assigned  individual  problems  as  homewori<.  Far  more  interesting 
than  the  student  exercise. 

Electrical:  Didntdo.  (#12) 

6.  Mechanical:  Errors: 

1)  p32,  problem  #4(a),  D=.25  in,  not  .166  in. 

2)  problem  #4(c)  P  =  564.9  n  m/seo,  not  376.3. 

3)  problem  #4(b)  D  =  .635  cm  not  .42. 

4)  problem  #4(d)  answer  "c"  is  NOT  equivalent. 

5)  page  34,  problem  #6(a),  2nd  step  should  be  7540  lb  X  3.28  ft.  (#42) 

7.  Since  thore  was  not  lab  equipment  we  took  some  extra  time  with  student 
exercise.  >  and  math  labs  in  all  three  subunits. 

Mechanical:  Page  T-31,  .05  hp  =  275  ft  lb/sec,  not  225.  (#38) 


ERIC 


Comments  for  Lab  1  Classes 

1.  Did  not  use  any  of  them.  (#13) 

2.  Mechanical:  Okay. 
Fluid:  Excellent. 
Electrical:  Good.  (#17) 

3.  They  were  all  good.  The  only  problem  we  had  was  not  having  the  right 
equipment.  (#45) 

4.  Fluid:  Some  narrative  was  wrong,  I  shared  this  with  Keith  Ross.  Sug- 
gest possibly  using  a  slant  tube  over  a  U  tube  manometer. 

Electrical:  Lab  equipment  wasn't  completely  available.  (#33) 

5.  Mechanical:  Substitute  for  SPST  (no)  switch  a  telegraph  key?  We  did 
our  own  version  of  this  lab  at  the  end  of  WORK  and  tried  to  compare 
electrical  work  to  rotational  to  linear.  The  resuttJ  were  crummy.  We 
never  did  this  lab  as  a  POWER  lab. 

Fluid:  This  lab  was  a  disaster.  The  pumps  ojn  at  4, 5, 6V,  but  they 
won't  lift  water  until  about  1 2V.  At  that  point  they  blast  the  water 
right  through  the  manometer.  We  need  longer  arm  manometers  and 
may  have  to  use  mercury  in  them. 

Electrical:  Our  watt  hour  meter  apparatus  has  no  "junction  box"  or  "line 
voltage  monitor."  The  design  notes  weren't  specific  about  how  you  put 
this  together  when  all  you  get  from  the  power  company  is  the  meter, 
pigtail  and  1  outlet  to  appliance.  Where  do  you  get  -^ll  the  other  stuff? 
(#12) 

6.  Fluid:  S-W  water  pumps  would  not  operate  at  4  volts  or  at  5  volts.  (#42) 

7.  Mechanical:  Page  43,  part  II,  letter  b,  should  be  P=(63.6Nm)/(/ /sec) 
instead  of  P=(49  N  m)(sec). 

Fluid:  Did  not  work,  used  wrong  pumps. 

Electrical:  Had  AP  &  L  ;:Jome  in  and  do  this  lab.  (#08) 

8.  Fluid:  Better  put  Hg  in  manometer.  (#56) 

9.  Mechanical:  S-W  pulley  supplied  inappropiate.  Hook  at  top  cannot 
support  that  mass.  Needs  hardware  store  pulley.  String  has  to  be  coiled 
on  moto*^  shaft.  We  used  4.5  kg  instead  of  f;,  and  lab  supports  instead  of 
heavy-duty  support  stands  which  were  not  ready  in  time  for  lab.  SPST 
switches  seemed  to  work,  but  were  too  dangerous  for  continued  wori<. 
Current  went  off-scale  on  power  supply  panel  meters. 

Fluid:  Used  1/2"  Cu  tubing.  Pressure  differential  across  the  manometer 
set  up  and  flow  through  the  manometer.  It  was  impossible  to  get  useful 
data.  If  others  had  similar  problems,  a  change  to  3/4"  or  1"  plumbing 
might  work.  P^e-lab  prep  time  was  significant  this  year,  but  may  not  be 
bad  for  the  next  time  through. 


Electrical:  Good  lab.  Equipment  developed  in-house  so  that  we  didnt 
have  to  await  delivery.  We  noted  that  design  specs  for  item  #98  called 
lOr  4'x4*x5/8  plywood.  2*x4'x5/8  waferboard  (varnished)  would  have 
been  adequate,  easier  to  store,  less  prone  to  tip  over,  and  tougher  for 
kids  to  hide  behind  while  getting  into  trouble.  Strongly  recommend 
change.  (#30) 

1 0.  Mechanical:  Veiy  poor  lab.  The  weights  will  not  remain  when  the 
current  to  the  nnotor  is  intenupted.  This  is  a  very  likely  cause  of  injury 
in  the  classroom 

Fluid:  No  equipment  available  from  S-W.  We  tried  to  use  existing  equip- 
ment from  other  units  bjt  could  not  keep  from  losing  water  from  the 
manometer.  Students  v/orked  on  this  lab  off  and  on  or  3  days. 

Electrical:  No  equipment  from  S-W.  (#07) 

11.  For  all  labs  we  need  supplemer'al,  altemative  or  demonstration  to 
replace  the  labs  we  are  not  et^uipped  for.  Labs  need  to  be  longer.  (#63) 

12.  Electrical:  Not  done,  equipment  not  available.  (#27) 
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Comments  for  Lab  2  Classes 

1.  Did  not  use  any  ot  them.  (#13) 

2.  All  were  good.  (#17) 

3.  No  lab  equipment  was  available.  (#33) 

4.  All  were  excellent.  The  only  problem  we  had  was  not  having  the  right 
equipment.  (#45) 

5.  Mechanical:  Skipped.  We  did  all  labs  religiously  the  first  4  units.  Now 
we're  getting  uppity  and  skipping  ones  we  don't  like  the  looks  of.  Whafs 
the  string  tied  to?  There  are  some  Important  details  hidden  by  the 
cradle-box,  as  drawn. 

Fluid:  Air  motors  f  rem  Northern  Hydraulics  need  close  to  30  psi  to  run. 
Regulators  from  eariier  pneumatic  labs  go  from  0-25  psi.  We  bought 
some  new  0-60  psi  regulators  and  finally  got  results.  Rotameter  has  to 
go  upstream  with  airsanders.  No  need  to  put  finger  clamp  rotameter  to 
control  motor  since  the  air  Sander  has  a  trigger.  Bag  the  air  tanks!  The 
kids  empty  them  in  20  seconds.  Tm  buying  a  compressor. 

Electrical:  We  never  did  order  nrwtor,  generator  ijets,  so  we  have  no 
equipment  for  this  lab.  Schoofs  out!  (#1 2) 

6.  No  equipment  for  any  of  them.  (#42) 

7.  Fluid:  I  dont  know,  this  is  the  3rd  time  for  this  basic  set-up,  maybe 
something  different  could  be  developed  here.  (#56) 

8.  Mechanical:  Flywheel  apparatus  is  still  unavailable.  No  attempt  made 
to  complete  6M2. 

Fluid:  Air  motors  have  not  arrived.  6F2  was  a  fluid  system  washout. 

Electrical:  Motor  generators  did  not  amve  on  time,  very  promising 
lab,  however.  (#30) 

9.  No  equipment  from  S-W.  (#07) 

10.  Mechanical:  Not  done,  equipment  not  available. 
Fluid:  Not  done,  compressor  broke  down. 
Electrical:  Not  done,  equipment  not  available.  (#27) 
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Comments  for  Summary  Class 

1.  Appropriate.  (#13) 

2.  Okay.  Thermal  needs  to  be  developed  more.  Perhaps  in  terms  of  ''alter- 
native energy"  sources  such  as  solar.  (#17) 

3.  Excellent.  (#45) 

4.  I  have  commented  in  the  past  about  the  poorly  prepared  exarns. 
#30-100  watt  resistor. 

#31  -  What  electrician  ever  uses  joules?  (P.S.  I  have  been  an  electrician 

for  38  years:  N.H.  Master  Electrician). 
#28  -  Fomiula  taught  is  Power  =AV  x  i.  why  use  (Force  x  Rate). 

confusing. 

#14  -  Too  tricky,  who  remembers  100  kg  mass  =  980  Newtons? 

#  7-Tem*b!e! 

#  2- Why  here? 

Worst  of  the  bunch!!  (#62) 

5.  Video  good,  no  problem  with  summary  materials.  Test  question  #30  in- 
correctly answered.  (#30) 
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PRINCIPLES  OF  TECHNOLOGY 

Unit  7:   FORCE  TRANSFORMERS 
Pilot  Test  Findings 


Agency  for  Instructional  Technology 
Box  A 

Bloomington.  Indiana  47402 

Center  (or  Occupational  Research  and  Development 
601  C  Lake  Air  Drh/e 
Waco,  Texas  76710 


AIT 

The  Agency  for  Instructional  Technology  is  a  nonprofit  American-Canadian  organization 
established  in  1973  to  strengthen  education  through  technology.  In  cooperation  with  state  and 
provincial  agencies,  AIT  develops  instructional  materials  using  television  and  computers.  AIT  also 
acquires  and  distributes  a  wide  vFiety  of  television  and  related  print  materials  for  use  as  major 
teaming  resources.  It  makes  many  of  these  materials  availabte  in  audiovisual  formats.  From' April 
1973  to  July  1984,  AIT  was  known  as  the  Agency  for  Instmctional  Tetevision.  Its  predecessor 
organization.  National  Instructional  Television,  was  founded  in  1962.  AITs  main  offices  are  in 
Bloomington,  Indiana. 

CORD 

The  Center  for  Occupational  Research  and  Development  is  a  nonprofit  organization  established 
to  conduct  research  and  development  activities  and  to  disseminate  curricula  for  technical  and 
occupational  education  and  training.  CORD  has  develofped  over  36.000  pages  of  instmctional 
materials  for  techntoians  on  14  major  curriculum  projects  in  advanced  technology  areas.  This 
includes  the  Unified  Technical  Concepts  course  on  which  Principles  of  Technology  is  based. 
These  projects  were  sponsored  by  contracts  with  federal  and  state  agencies,  and  by  industrial 
support  from  the  private  sector.  The  products  developed  by  CORD  are  used  in  technical 
institutes,  community  colteges.  vocational  high  schools  and  industry  training  programs.  CORD 
has  been  tailoring  educational  programs  to  meet  workforce  needs  for  10  years.  The  CORD  office 
is  in  Waco,  Texas. 
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Principles  of  Technology  is  an  applied  science  course  for  high  school  vocational  students  that 
is  being  deveiored  collaboratively  by  the  Agency  for  Instructional  Technology  (AIT),  the  Center 
for  Occupational  Research  and  Development  (CORD),  arxJ  a  consortium  of  40  state  and  provincial 
education  agencies  (see  Appendix  A  for  a  list  of  cooperating  agencies).  The  course  consists  of 
fourteen  units,  each  focusing  on  a  principle  that  underlies  today's  technology.  Each  unit  consists 
of  a  student  manual,  a  teacher's  guide,  hands-on  laboratories,  and  video  programs. 

The  entire  projoct  is  being  developed  with  the  help  of  a  fonnative  evaluation  process  that 
systematicaliv'  collects  data  from  a  special  r©^     team  (see  Appendix  B),  from  consortium 
representatives,  and  from  teachers  and  students  at  cla?s»t>om  pilot  test  sites.  The  review  team 
reviews  preliminary  drafts  of  the  instructional  materials  before  they  are  sent  to  consortium 
representatives  and  pilot  test  sites.  Consortium  representatives  review  the  material  concurrently 
with  the  classroom  pilot  testing.  The  data  from  all  sources  -  review  team,  consortium 
representatives,  and  pilot  sites  -  are  analyzed  and  reported  to  the  deve'opars,  who  use  these 
findings  ?o  revise  the  materials. 

Thus,  an  important  part  of  the  overall  formative  evaluation  is  a  pilot  test  of  each  unit  in  actual 
cla^room  settings.  The  primary  purposes  of  the  pilot  test  are:  1)  to  determine  how  well  the 
materials  are  working;  and  2)  to  identify  specific  proDlems  with  the  materials.  All  pilot  test  teachers 
were  oriented  to  the  Principles  of  Technology  course  and  to  the  pilot  test  procedures  at  one  of 
two  meetings  held  in  Dallas  the  summer  of  1984. 

This  report  details  findings  of  the  pilol  test  of  Unit  7:  FORCE  TRANSFORMERS.  The  report 
makes  some  comparisons  of  these  findings  with  those  for  Units  1-6,  which  are  contained  in 
separate  reports  (sea  -Unit  1 :  FORCE  -  Pilot  Test  Findings,**  December  18, 1984;  **Unit  2:  WORK 
-  Pilot  Test  Findings,**  March  1. 1985;  **Unit  3:  RATE  -  Pilot  Test  Findings,**  May  6. 1985;  "Unit  4: 
RESISTANCE  -  Pilot  Test  Findings,"  May  29. 1985;  Unit  5:  ENERGY  -  Pilot  Test  Findings,**  July 
15, 1985;  and  Unit  6:  POWER  -  Pilot  Test  Findi;igs,**  August  19. 1985).  It*s  important  to 
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remember  that  all  data  are  formative  data;  the  developers  ^re  using  the  data,  along  with  the  review 
team  and  consortium  representatives*  reactions,  as  a  basis  for  revising  the  materials. 
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PILOT  TE^JT  PROCEDURES 


Unit  7:  FORCE  TRANSrORMERS  pilot  test  materials  were  mailed  to  the  teachers  in  mid- 
February,  1985,  These  materials  consisted  of: 

1)  Pretost/posttest  (see  Appendix  C) 

2)  Computerized  scoring  sheets  for  the  pretest/posttest 

3)  Student  attitude  questionnaires  (see  Appendix  E) 

4)  Teacher  questionnaires  (see  Appendix  F) 

Teachers  administered  the  pretest  heiore  any  teaching.  As  they  taught  the  unit,  teachers 
recorded  their  reactions  to  the  unit  on  a  detailed  questionnaire.  At  the  conclusion  of  the  unit, 
teachers  administered  the  same  test  as  a  posttest  atong  with  the  student  attitude  questionnaires. 
All  Unit  7  data  evaluation  materials  were  then  mailed  back  to  AIT. 

Only  five  teachers  completed  Unit  7  in  the  first 'year  of  the  pilot  test.  This  posed  a  dilemma  for 
the  devekjpers.  For  the  delivery  schedule  to  be  maintained,  revistons  had  to  be  made  in  the  Unit 
7  materials  before  most  teachers  had  completed  the  unit.  Therefore,  the  revisions  in  the  unit 
were  made  with  the  data  from  these  five  teachers,  the  review  team  and  the  consortium 
representatives.  However,  because  the  first  nine  units  of  the  course  are  sequential,  it  was 
necessary  that  the  remainder  of  the  teachers  teach  Unit  7  at  the  '^ginning  of  year  two.  This 
report  contains  all  data  receiveu  by  November  1985. 
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LIMITATIONS  OF  THE  METHODOLOGY 


Two  major  limHing  factors  must  be  considered  when  the  findings  are  integreted:  research 

design  and  extemal  variables  beyonc  the  project's  control. 
Research  Design  Constraints 
Several  factors  in  the  research  design  nxjst  be  considered,  including: 

•  Lack  of  matched  control  groups 

The  design  allows  one  to  draw  conclusions  only  about  the  Principles  of  Technology  course, 
but  not  to  compare  these  results  to  other  comparable  teaching  methods.  The  costs  in  terms  of 
time,  resources,  and  further  administrative  impositions  on  the  pilot  test  schools  prohibited  the 
establishment  of  matched  control  groups.  It's  also  difffcutt  to  match  Principles  of  Technology 
to  other  courses.  Would  they  be  physics  courr>es  or  vocational  courses?  Thus,  in  addition  to 
♦he  fiscal  and  administrative  constraints,  the  matching  process  itself  would  be  problematic. 

•  The  pretest/posttest  format 

The  same  test  was  usee?  for  both  the  pretest  and  the  posttest.  The  effect  that  menrory  of  the 
pretest  might  have  on  posttest  performance  was  another  concern.  The  research  design 
addressed  this  concern  in  three  ways: 

1)  Students  were  not  given  the  correct  answers  to  the  pretest.  The  effect  of  riamory  was 
limited,  immediately,  to  the  nature  of  the  questions  without  accompanying  knowledge 
of  the  correct  answers. 

2)  The  posttest  was  administered  more  than  one  month  after  the  oretest.  In  the  intervening 
time  students  had  many  experienc^>?.  both  academic  and  personal,  that  wculd  mitigate 
the  effects  of  menrwry. 

3)  A  conrelated  t  test  was  used  to  analyze*  the  pretest/posttest  data.  This  technique  helps 
to  partial  oui  any  variance  that  might  result  from  an  intrudi.tg  correlation   in  this  case 
memory. 

•  The  pretest/posttest  format  (see  section  on  development  of  the  instrument,  page  7) 

The  test  cannot  measure  all  oL  ectives.  Therefore  obiectives  had  to  be  sampled.  Also,  the 
itenrts  do  not  always  directly  match  the  intended  objectives.  The  test  was  a  cogtiitive  test. 
Many  of     objectives  (particularly'  the  lab  objectives)  are  psychomotor  objectives.  One  must 
consWer  each  of  these  factors  when  assessing  the  validity  of  the  instrument.  It's  important  to 
remembei,  however,  that  thb  test  is  but  one  of  several  means  being  used  to  assess  the  unit. 

Exi^mal  Constraints 

Some  factors  beyonc  hs  project's  control  probably  affected  the  results  .ncluding: 

•  Equipment  poblems 

As  with  the  previous  units,  several  teachers  reported  problems  in  secunng  necessary  !ab 
equipment. 
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•  student  characteristics 


Both  teachers  and  students  have  reported  what  appears  to  be  considerable  variability  in  the 
kinds  of  students  in  iha  course.  This  variability  encompasses  students'  academic 
backgrounds,  ability  levels,  and  socioeconomic  levels.  The  project  has  made  no  attempt  to 
control  these  variables. 


•  Teaching  pattem 

Teachers  report  considerable  variability  in  the  length  of  classes  and  number  of  class  sessions. 
The  project  has  made  no  attempt  to  control  these  situations,  but  has  instead  attempted  to 
assess  the  impact  of  the  various  conditions  on  the  outcomes. 

•  School/project  schedules 

Unit  7  suffered  from  a  unique  scheduling  problem.  Most  of  the  teachers  did  not  teach  the  unit 
until  the  start  of  the  second  year.  The  three-month  interval  between  Units  6  and  7  may  have 
had  an  effect  on  these  teachers  and  their  stu^'ents. 


So,  both  research  design  and  external  constraints  must  be  considered  when  the  results  are 
interpreted.  It's  Important  to  remember  that  the  pilot  test  was  designed  as  a  part  of  the  overall 
fomiative  evaluation,  not  as  rigidly  controlled  research.  Nonetheless,  the  validity  of  ttie  various 


data  collection  procedures  must  be  considered. 
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SAMPLE 


The  sample  included  171  students  in  twelve  sites.  Student  characteristics  included: 
•6rade§ 

10  «  3%  1 1 »  26%  12  «  71%  (Most  teachers  in  the  sample  taught  UnH  7  at  the  start  of  year 
two.) 

•Sex 

Male  =  88%   Female  =  1 2% 
Teacher  characteristics  included: 

•  Physics  background 

As  wrtn  previous  units,  there  was  a  wide  range  in  the  teachers*  physics  backgrounds;  18% 
reported  no  college  physics  courses;  27%  reported  one  college  physics  course;  37% 
reported  2-4  college  physics  courses;  9%  reported  5-7  college  physics  courses;  and  9% 
reported  eight  or  more  college  physics  courses. 

•  Mathematics  background 

All  teachers  reported  having  had  two  or  more  college  mathematics  courses;  several  (27%)  have 
had  ffve  or  more  college  mathematics  courses. 

•  Teaching  Pattem 

The   ajority  (58%)  taught  Unit  7  on  consecutive  days.  Most  (75%)  taught  sessbns  that  were 
60  minutes  or  shorter.  Several  (64%)  induced  that  they  had  combined  classes  into  one 
session. 

^  Preparation  time 

The  majority  (82%)  indicated  they  spent  60  minutes  or  less  preparing  to  teach  each  subunit  on 
FORCE  TRANSFORMERS. 

Unit  7  includes  data  from  only  twelve  sites  (compared  to  more  than  twenty  for  most  of  the  first 
six  units)  and  from  only  171  students  (compared  to  nbariy  350  for  nwst  of  the  first  six  uniis).  It's 
important  to  examine  the  characterisitcs  of  the  reduced  sample,  both  for  students  and  for 
teachers. 

The  student  sample  continues  to  be  predominantly  male.  For  Unit  7, 88%  were  nn.ales;  the  first 
six  units  also  averaged  mce  than  80%  males.  The  most  pronounced  change  in  student 
characteristics  was  the  much  larger  percentage  of  twelfth  graders  for  Unit  7  than  for  previous  units 
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§Due  to  missing  data,  the  pretest/posttest  student  demographics  don't  match  the  student 
attitude  denrtographics. 


470 


(71%  compared  to  about  20%).  This  preponderance  of  twelfth-grade  students  is  explained  by 
the  fact  that  nnost  tc^achers  taught  Unit  7  at  thd  start  of  year  two. 

Teacher  characteristics  measured  were  negligibly  different  from  those  of  teachers  in  earlier, 
larger  samples.  The  mathematics  and  physics  background,  teaching  pattern,  and  preparation  time 
of  the  teachers  were  similar  to  those  found  for  the  first  six  units. 

The  nx)st  important  !ssu6  of  \\)e  smaller  sample,  of  course  is  the  effect  it  will  have  on  the  validity 
of  the  findings,  is  the  data  base  sufficient  for  making  judgments  about  the  materials?  To  judge 
the  adequacy  of  the  sample  Ic's  probably  helpful  to  consider  the  primary  goals  of  the  evaluation:  1) 
to  determine  how  well  the  materials  are  working;  and  2)  to  kJentlfy  specifk;  problems  with  the 
materials.  Even  the  reduced  sample  shoukJ  provide  an  adequate  data  base  for  achieving  these 
goals.  Certainly,  a  student  sample  of  171  is  suffkjient  to  ensure  reliable  pretest/posttest  resuRs. 
The  reduced  sample  will,  however,  limit  the  comparisons  that  can  be  made  of  the  various 
conditions  -  teacher  background,  teaching  pattern,  and  to  a  lesser  degree,  student 
characterisitcs.  There  arc  simply  not  enough  classes  in  the  various  conditions  for  these 
corrparisons.  Certainly,  the  project  staff  would  have  prefenreo  a  more  stable  sample.  However, 
this  sample  should  provide  enough  data  to  judge  the  materials. 
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PRETEST/POSTTEST  AS  AN  INSTRUMENT 


understand  the  results,  one  trust  first  understand  the  characteristics  of  the  Jest  as  a 
measurement  insfmnrent.  including  the  process  by  which  the  test  was  developed  and  what 
statistical  analyses  reveal  about  the  reliability  and  validity  of  the  instrument. 

Over  50  test  questions  were  generated  at  CORD  by  the  content  specialists.  In  a  collaborative 
process  between  ^valuators  and  content  specialists,  these  questions  were  pmned  and  revised  to 
the  eventual  34  questions,  tach  item  is  tied  as  directly  r^s  possible  to  a  specific  objective  from 
Unit  7.  The  item/objective  match  is  not  always  exact,  irs  impossiWe  to  match  Kerns  to  some 
objectives  because  of  the  way  those  objectives  are  worded  ("recognize."  "define."  etc.).  It's 
important  to  remember  that  the  instrument  Is  attempting  to  measure  manifestations  of  learning, 
and  that  approximations  objectives  are  often  the  best  that  cognrtive  test  developers  can  do.  With 
only  34  items,  not  all  objectives  could  be  tested.  Therafore.  objectives  had  to  be  sampled. 
Generally,  priorities  for  this  sampling  were  detemiinad  based  on  the  relative  importance  of  the 
concepts.  (Appendix  0  lists  the  objective  each  item  is  i:'(tended  to  address  above  the  item.) 

So,  is  ft  a  "good"  test?  Generally,  instmments  are  iudged  based  on  reliability  (consistency, 
accuracy,  dependability)  and  validity  (roughly,  is  it  measuring  what  you  \h\nk  it's  measuring?).  On 
the  Speamian-Brown  Test  of  internal  consistency,  the  reliability  of  this  instrument  is  .87,  which  is 
acceptable  by  nxjst  standards.  Validity  is  a  bit  more  complicated  to  judge.  Readers  are 
encouraged  to  make  their  own  judgments  about  the  validity  of  the  insf/umeni.  Pertinent 
questions  include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  Instmment  a  fair  measure  of  Unit  7s  instojcticn? 

It  should  be  pointed  out  that,  in  examining  the  pretest/posttest  results  for  each  of  the  first 
seven  units,  the  developers  and  evaluatoro  encountered  a  few  items  in  each  unit  (no  nrwre  than 
three  per  unit)  that  they  considered,  for  various  reasons,  to  be  poor  items.  Of  course  there  is 
always  wisdom  in  hindsight.  Ideally,  each  of  these  instruments  would  itself  be  pilot  tested. 

.  s 
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However,  the  proiect's  schedule  precludes  the  luxury  of  pilot  testing  the  instrumentation.  Thus, 
even  with  careful  planning,  it's  probably  inevitable  that  a  few  poor  items  will  be  included  in  each 
test. 
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PRETEST/POST-^EST  RESULTS 


Several  different  analyses  of  the  pretest/posttest  have  been  conducted.  The  reader  should 
keep  in  mind  that  all  reported  numbers  are  nnean  scores  on  the  test,  which  contained  34  items. 
-  Mean  difterences 

The  overall  pretest  mean  was  13.15.  The  overall  posttest  mean  was  19.88.  This  increase  was 
statistically  significant  (correlated  t  test)  at  the  .01  level. 

The  level  of  statistically  significant  teaming  gain  (.01)  is  consistent  with  the  gains  shown  for 
Units  1-6.  Tabte  1  compares  the  pretest/posttest  scores  for  Units  1-7. 

Thus,  Units  1, 4, 5,  and  6  had  fairly  consistent  pre^est-posttest  learning  gains  in  terms  cf 
percentage  correct.  Learning  gains  for  Units  2, 3,  and  7,  while  .somewhat  lower,  were  still 
statistically  significant,  indicating  that  a  change  in  the  students*  knowledge  level  has  occurred  '/or 
each  unit. 
Individual  Items 

For  each  unit  the  project  team  has  established  criteria  for  acceptable  performance  on  each  test 
item.  Theue  criteria  included  either: 

1)  70%+  correct  on  an  item,  or 

2)  doubling  of  the  pretest  score  on  the  posttest. 
Against  these  critoria,  the  results  for  Unit  7  are: 

More  than70%  or  doubling  of  percentage  correct  --  items  1,3,4, 5, 7, 8,9, 10, 11, 12, 17, 18, 
19.20,  21,24,  26,  29,  31,32. 

Less  than  70%  and  no  doubling  of  percentage  connect  -  items  2, 6, 13, 14, 15,  IS,  22,  23. 
25,  27,  28,  30,  a?,  34. 

Because  this  fcnnative  evaluatton  is  designed  to  improve  the  materials,  it  has  proved 
particulariy  useful  to  examine  the  content  of  the  items  on  which  students  perfomned  especially 
pooriy.  First,  let's  consider  the  subunits. 

Linear/Mechanical  -  One  of  ten  items  did  not  meet  criteria. 
Rotational/M^hanical  -  Foi^'of  five  itenf«  did  not  meet  cnJeria. 
Fluid  -  Five  of  thirteen  item^^  did  not  meet  criteria. 
Etectrical  -  Two  of  four  items  did  not  meet  criteria. 
Oven/iew  -  One  of  two  items  did  not  meet  criteria. 
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Thus,  students  performed  particularly  poorly  on  the  items  dealing  with  the 
Rotational/Mechanical  subunlt.  These  v.are  primarily  mathematics-related  items,  which  continue 
to  cause  students  problems. 

Also,  the  test  contained  a  series  of  Hems  on  the  effects  of  a  hydraulic  jack  and  the  effects  of  a 
pressure  intensifier.  Students  failed  to  meet  the  criteria  on  over  half  these  items. 

Even  with  the  likely  impact  of  the  schedule  on  students'  performance,  there  was  an  overall 
statistically  signiffeam  gain  for  Unit  7.  Consistent  with  the  findings  for  previous  units,  mathematics- 
related  items  continue  to  cause  students  partk^ular  difficulty.  Because  most  of  the 
Rotational/Mechanical  subunlt  itents  involved  mathemattos,  ifs  probably  not  too  surprising  that 
students  perfonrod  partfculariy  poorty  on  this  subunit.  Probably  more  disturbing  is  students'  poor 
performance  on  the  items  dealing  vyith  the  effects  of  a  hydraulfe  jad(  and  a  pressure  intensifier, 
both  of  whk^h  are  key  concepts  for  the  unit. 
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Table  1 
Principles  of  Technology 
Pretest  and  Posttest  Scores,  Units  1-7 


Pretest  Mean  Posttest  Mean 

Unit  Number  of  Items  (%  correct)  (%  correct) 

1  30  12.5(41%)  20.1(67%) 

2  33  13.6(41%)  17.6(53%) 

3  00  14.9(49%)  19.4(65%) 

4  36  16.4(46%)  24.4(68%) 

5  35  13.2(38%)  22.6(65%) 

6  30  11.5(38%)  18.3(61%) 

7  34  13.2(39%)  19.9(59%) 
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PRETEST/POSTTEST  BY  SELECTED  VARIABLES 


The  impact  of  Siwera!  variables  on  students'  test  performance  was  examined  including: 

1)  Student  characteristics 

a)  sex 

b)  grade 

2)  Teaching  pattem 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  background 

a)  physics  background 

b)  mathematics  background 


These  variables  were  analyzed  with  an  analysis  of  covariance,  which  controlled  for  pretest 
scores.  Table  2  examines  the  results  of  this  analysis;  all  noeans  reported  in  Table  2  are  for  the 
posttest. 


Table  2 


Level  of 

Main  Effect                      Signiflcsncg                 Slihssi  Ml  <^ 

Sex                                      .09                             Male  (149)  20.55 

Female  (21)  14.86 

Grade                                   .01                             Tenth  (5)  21.80 

Eleventh  (56)  15.59 

Twelfth  (102)  21.90 

Consecutive  days                      .01                            Yes  (75)  22.88 

No  (96)  17.54 

Minutes  per  class                       .01                             LT50(83)  22.34 

50-60(21)  10.10 

60-9C  '   *  20.04 

90+ (41)  20.02 

Combining  sessions                    .01                            Yes  (39)  23.97 

No  (132)  18.67 

Phy w .    background                  .01                           No  classes  (41 )  1 3.29 

1  class  (41)  22.59 

2-4  classes  (41)  22.59 

5-7  classes  (11)  16.91 

8+ classes  (37)  21.89 

Mathematics  background             .01                           1  class  (9)  11.11 

2-4  classes  (90)  18.74 

5-7  classes  (26)  22.73 

8+ classes  ('6)  22.22 
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Due  to  the  smaller  sample,  the  data  from  Table  2  must  be  interpreted  very  cautiously.  It's 
important  to  examine  the  numbers  in  parentheses  in  the  column  labelled  ''Gubset.**  These 
numbei3  represent  the  numbers  of  students  in  each  condition.  The  small  numbers  in  several  of 
the  conditions  indicate  that  the  findings  are  likely  affected  by  onfy  one  or  tv'o  classes.  Thus,  the 
smaller  sample  severely  limited  our  ability  to  make  reliable  comparisons  of  the  various  conditions. 
In  past  reports,  the  findings  for  these  variables  have  been  compared  across  units.  With  a  sample 
half  that  of  the  previou'  ,i  .its,  these  comparisons  across  units  are  rio  tonger  reasonable. 
Therefore,  a  table  comparing  variable  findings  across  the  first  seven  units  will  not  be  included  in 
this  report. 
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PRETEST/POSTTEST  RESULTS  BY  SITE 

Appendix  D  indicates  the  pretest/posttest  results  by  site.  Eleven  sites  showed  statistically 
significant  (.01)  level  increases;  one  site  showed  no  statistically  significant  gain.  Table  3  shows 
the  number  of  sites  showing  no  statistically  significant  gains  for  each  of  the  first  seven  units. 

Table  3 

IM  Sites  showing  no  significant  gains 

1  1 

2  4 

3  4 

4  0 

5  1 

6  3 

7  1 

These  results,  too,  must  be  intetpretea  cautiously.  The  reduced  number  of  sites  makes  these 
comparisons  across  units  difficult  to  make.  It  is  encouraging  to  note,  however,  that  only  a  single 
site  showed  no  significant  gain  for  Unit  7. 
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STUDENT  ATTITUDE  FINDINGS 


The  student  attitude  findings  (Appendix  E)  indicated: 

The  majority  of  students  (73%)  liked  Unit  7  either  a  lot  (24%)  or  a  little  (49%). 

The  most  appealing  conponents  were  the  video  progranis  (28%)  and  the  hands-on  labs 
(24%).  These  were  also  the  nfiost  aKwaling  components  for  the  Jirst  six  units. 

The  least  appealing  components  were  the  mathematics  labs  (26%)  and  the  written  material 
(18%).  Again,  these  were  also  the  least  appealing  components  for  the  first  six  units. 

Over  hatf  (57%)  said  some  of  the  nriaterial  was  difficult  for  them  to  understand;  13%  found  most 
of  ft  difficult. 

Consistent  with  Units  3, 4, 5,  and  6  students  indicated  the  components  nnost  difficult  for  them 
to  understand  were  the  mathematics  labs  (35%)  and  ;he  written  material  (17%).  They  indicated 
the  component  least  difficult  for  them  to  understand  was  the  video  programs  (54%).  (Note: 
Items  addressing  the  perceived  difficulty  of  the  components  were  not  induded  for  Units  1  and 
2.) 

Most  students  (88%)  indicated  they  thought  the  nnaterial  In  the  FORCE  TRANSFORMERS  unit 
was  important  for  them  to  understand. 

Table  4  examikies  the  student  attitude  findings  from  the  first  seven  units  on  three  important 
variables  -  appeal,  difficutty.  and  perceived  importance.  As  Table  4  indicates,  the  attitude  findings 
for  Unit  7  were  slightly  more  positive  than  for  Units  3-6.  Perhaps  most  encouraging  of  all  the 
attitude  findings  Is  that  88%  of  the  students  indicated  they  thought  the  material  covered  in  the 
FORCE  TRANSFORMERS  unit  was  important  for  them  to  understand. 
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Table  4 
Principles  of  Teciinology 
Student  Attitudes,  Units  1-7 


Category 


Liked  (a  lot  or  a  little) 


Difficult  (most) 


Unit/Significant 

1         2         a         4  5 

80%         76%         62%         68%  63% 

8P/o  8%  18%  11%  16% 


Important  (very  or  sort  of)       89%         87%  77% 


80% 


69% 
14% 
76% 


73% 
13% 
88% 
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TEACHER  RESULTS 


Questionnaires  were  received  from  twelve  teachers.  Appendix  F  lists  the  teacher's  detailed 
comments  and  should  be  examined  carofully,  because  the  wealth  of  data  contained  in  these 
comments  is  difficult  to  encapsulate.  Overall,  the  teacher  findings  included: 

•Teacher  comfort 

Almost  all  teachers  (92%)  indicated  they  felt  comfortable  teachings  the  material  in  the  FORCE 
TRANSFORMERS  unit. 


The  majority  (75%)  indicated  that  the  six-day  plan  of  50-minute  class  sessions  per  subunit  is  a 
realistic  time  allotment  for  Unit  7.  One  teacher  indicated  some  of  the  hands-on  labs  required 
more  than  50  minutes  to  set  up,  conduct,  and  discuss.  This  is  consistent  with  the  findings  for 
the  first  six  units. 

•  Student  reading 

Half  (50%)  indicated  that  their  students  may  not  be  doing  the  assigned  readings  at  home.  It  is 
interesting  to  note  that  this  represents  an  improvement  from  what  teachers  reported  for  Units  3 
(67%),  4  (72?^>),  5  (77%),  and  6  (74%).  This  may  indicate  that  the  students  who  continued  with 
Principles  of  Technology  are  more  motivated  students.  It  seems  unlikely  that  the  materia!  itself 
motivated  more  students  to  want  to  read. 

•  Teacher's  guide 

Alnrwst  ali  teachers  (90%)  thought  the  teacher's  guide  provided  them  with  enough  infonnatlon 
to  successfully  implement  the  unit.  Two  teachers,  however,  indicated  that  the  guide  should 
better  explain  the  mathematics  problems  and  formulas. 

"  Appropriateness  for  students 

Generally,  teachers  tended  to  indicate  that  each  day  of  instmclion  was  appropriate  for  their 
students.  For  the  videos  and  C1/C2  days  of  instmclion  they  were  unanimous  in  their 
responses.  As  with  Unit  6,  more  than  90%  also  considered  both  the  mathematics  labs  and  the 
hands-on  labs  appropriate  for  their  students. 


To  the  question,  "What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
FORCE  TRANSFORMERS?"  ten  teachers  responded.  The  problems  reported  included: 

-  Hands-on  labs,  lack  of  equipment,  etc.  (six  teachers). 

-  Malhemattos  and  mathematics  fonmilas  (two  teachers). 

-  The  computer  test  (one  teacher). 

These  findings  are  consistent  with  those  teachers  reported  for  Units  1-6.  Availability  of 
equipment  for  the  hands-on  labs  continues  to  cause  teacheio  the  nrwst  problems.  On  the  other 
hand,  teachers  continue  to  affinn  the  appropriateness  of  most  of  the  material  for  their  students. 


•Time 


•  Problems 
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Rnally,  many  specific  recommendations  for  changes,  including  pointing  out  en-ors  in  the  text,  are 
contained  in  the  teacher's  comments.  Overall,  the  teacb'jrs  tended  to  be  fairly  positive  about  Unit 
7. 
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CONCLUSIONS 


It  Is  important  to  remember  that  the  errtire  pilot  test  is  part  of  the  overall  formative,  evaluation 
process.  Data  are  being  collected  from  the  consortium  review  team,  consort!*:-  representatives, 
and  from  the  pilot  test  sites.  These  data  are  th<jn  used  as  a  basis  for  revising  the  materials.  To 
meet  the  delivery  schedule,  the  revisions  had  to  be  nrwdo  early  in  the  fall  of  1985.  Most  sites  (7) 
did  not  teach  the  unit  until  the  fali  of  1985.  Therefore,  many  of  the  data  contained  in  this  report 
anived  too  late  tc  affect  the  revisions.  However,  these  data  should  prove  useful  in  developing  the 
remaining  seven  units,  because  Unit  7  appears  to  be  the  crucial  link  between  year  one  and  year 
two  of  the  course. 

Certainly,  then,  this  report  contains  much  useful  informaiion.  Some  of  the  key  findings  are: 

1)  Overall,  a  statisttoally  signifk)ant  (.01  level)  leaming  gain  took  place,  indeperxJent  of 
students*  sex.  The  students'  grade  had  a  significant  (.01)  impact  on  their  scores,  with  tenth 
and  twelfth  graders  perfomiing  better  than.eleventh  graders.  However,  these  data  must  be 
interpreted  cautiously  because  of  the  small  and  possibly  biased  sample,  it  will  be  Interesting 
to  see  whether  these  grade  differences  persist  for  future  units. 

2)  Students  performed  least  well  on  test  rtenDs  dealing  with  nwthematics.  This  type  of  item  also 
proved  troublesome  to  students  on  the  first  six  units.  Also,  students  performed  particularly 
poorly  on  the  items  dealing  with  the  Rotational/Mechantoal  subunit.  It  should  be  pointed 
out  thai  most  of  the  items  for  this  subunit  involved  mathematics,  a  fact  which  may  help  to 
explain  students'  poor  performance  on  them. 

3)  Student  attitudes  were  generally  positive.  In  fad,  the  attitude  findings  were  generally  more 
positive  than  they  were  for  Units  3-6.  It  may  be  that  students  reacted  nxjre  favorably  to  this 
unit  than  to  the  earlier  ones.  On  the  other  hand,  sines  the  majority  of  student  data  came 
from  the  start  of  year  two  it  may  be  that  students  who  retumed  for  year  two  of  the  course  are 
more  positively  pre<lisposed  to  the  course  than  those  who  chose  not  to. 

4)  Teachers  affinned  the  appropriateness  of  most  of  the  material  for  their  students.  Again,  this 
is  consistent  with  the  findings  for  the  first  six  units. 

5)  Teachers'  comments  indicated  that  the  most  problems  were  encountered  with  the  hands- 
on  labs.  This,  too,  is  consistent  with  the  findings  for  thc»  first  six  units.  It  should  be  pointed 
out  that  most  of  the  problems  reported  were  with  sirrply  getting  the  equipment.  Once 
teachers  have  the  equipment,  most  of  the  labs  seem  to  work  satisfactorily. 

6)  Although  the  teachers  were  generally  quite  positive  about  the  unit,  they  did  recommend 
several  specifk:  changes. 

Thus,  Unit  7  data  tended  to  be  consistent  with  the  data  for  the  previous  units.  Students 

continue  to  show  statistically  signiftoant  leaming  gains  and  both  students  and  teachers  continue 

to  be  fairiy  positive  about  the  materials.  The  teachers'  major  frustration  continues  to  be  the 
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availability  of  the  lab  equipment.  This  issue  was  much  discussed  at  Ihe  July  meeting  in  Dallas  of 
the  consortium,  teachers,  staff,  and  equipment  vendors.  It  seems  to  be  a  complicated  issue  that 
will  only  be  resolved  with  time.  Unfortunately,  this  does  little  to  relieve  the  frustrations  of  the 
teachers. 

Perhaps  the  most  interesting  issues  sun'ounding  the  Unit  7  findings  surfaced  not  from  the 
available  data,  but  rather  from  the  fact  that  a  considerable  amount  of  data  was  not  available.  The 
sample  has  been  halved.  It  seenr^s  reasonable  to  wonder  why  the  sites  have  been  reduced  from 
more  than  twenty  to  only  twelve.  And  the  total  students  responding  are  now  at  171 ,  compared  to 
the  350  who  submitted  data  for  Unit  6.  It's  likely  that  school  and  student  schedules,  teacher 
availability,  the  time  required  for  the  pitot  test  procedures,  and  perhaps  fmstratlon  at  the 
equipment  probleois  all  wori<ed  together  to  reduce  the  sample.  Although  several  explanations 
seem  plausible,  the  issues  sun'ounding  the  reduced  sample  deserve  further  examination. 
Indeed,  this  will  become  a  focus  of  the  year  two  evaluation,  which  will  seek  a  better  understanding 
of  what  it  Is  reasonable  to  expect  from  the  transition  to  year  two  of  the  course. 


Appendix  A 
Participating  Agencies 


Alabama  State  Department  of  Education 
Division  of  Vccational  Education 

Aiaska  Department  of  Education 

Aiberta  Education 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Educat'on 
Vocational  and  Teclinical  Education  Division 

California  State  Department  of  Education 
Division  of  Vocational  Education 

Colorado  State  Board  for  Vocational  Education 

Delaware 

New  Castle  County  Vocational-Techr;ical 
School  District 

Florida  Department  of  EJucation 
Division  of  Vocational  Education  and  Office 
of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 
Department  of  Adult.  Vocational  and 
Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Departmv^nt  of  Public  Instruction 
Career  Education  Division 

Kansas  State  Department  of  Education 
Community  College  and  Vocational  Education 
Division 

Kentucky  Department  of  Education 
Diviston  of  Vocational  Educatton 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 


487 


Maine  State  Department  of  Educational  and 
Cultural  Services 

Bureau  of  Vocational  Education/Division 

of  Program  Services 

Maryland  State  Department  of  Education 
Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intennediate  School 
District  916 

Mississippi  State  Department  of  Education 
Vocational-Technical  Division 

Missouri  Department  ot  Elementary  and 
Secondary  Education 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

New  Mexico 
A  consortium  of  school  districts 

North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  Educatton 
Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

TVOntario 

Tennessee  State  Department  of  Educatton 
Division  of  Vocattonal  Educatton 

Oregon  Department  of  Education 
Dlviston  of  Vocattonal  Educatton 

Pennsylvania  Department  of  Education 

Rhodo  Island  State  Department  of  Education 
Dlviston  of  Vocattonal  Education 

South  Carolina  Department  of  Education 
Offtoe  of  Vocational  Education 

Uah  State  Office  of  Educatton 

Vemwnt  State  Department  of  Educatton 
Diviston  of  Adutt  and  Vocatfonal-Technical 
Education 
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Virginia  Department  of  Education 

West  Virginia  State  Department  of  Education 
Bureau  of  Vocational,  Technical  and  Adutl 
Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  Vocational  Education 
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Appendix  B 
Content  Review  Team 


Jon  Buschko 
Technical  Instructor 
Intel  Corporation 
Chandler,  Arizona 

DickCassel 

Office  of  Press  and  Communications 
Pennsylvania  Department  of  Education 
Harrisburg,  Pennsylvania 

Dr.  Joe  Exiine 

Associate  Director  of  Science 
Virginia  Department  of  Education 
Richnwnd,  Virginia 

Dr.  Darroll  Parks,  Director 
Division  of  Vocational  Education 
Ohk)  Departmeni  of  Educatfon 
Columbus,  Ohio 

Robert  Patton 

Coordinator  of  Instructional  Materials  Center 
Oklahoma  Department  of  Education 
Stillwater,  Oklahoma 

Dr,  Philip  Rollain 
Project  Coordinator 

North  Carolina  Department  of  Public  Instruction 
Raleigh,  North  Carolina 

Majgaret  Sentif 
Teacher 

Hinds  Junfor  CoiIege 
Rankin  Center 
Pearl,  Mississippi 

Don  Tomey 

Superintendent  of  Youth  Programming 

TVOntario 

Toronto,  Ontark) 

Jim  Wiision 

Assistant  Supeilnterxlent 
Francis  Tuttle  Area  VOTech  Center 
Oklahoma  City,  Oklahoma 
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Student  Test 

Ilea  Eqsi 

01 

1 .  The  action  of  lorce  transformers''  can  be  represented  by  a  unifying  equation.  n 
Regardless  of  the  energy  system,  the  descnptton  always  involves  a  source  or 

inpuf, 

1 5  8  a.  a  coupling  device  and  a  distance  multiplier. 
52    78         b.  a  coupling  device  and  a  load  or  output. 

16  7  c.  a  coupling  device  and  a  pressure  nfUjHiplier. 
12     7  d.  a  coupling  device  and  a  voltage  multiplier. 

01,2.ML1 

2.  Force  transfomiers  are  a  class  of  machines  or  devices  in  mechanical,  fluid  and 
electrical  energy  systems 

17  9  a.  that  change  output  values  of  force,  nwvement  or  rate  into  different  input 

values. 

32    22         b.  that  change  work  input  into  larger  values  of  work  output. 
46    67         c.  thel  change  input  values  of  force,  movement  or  rate  into  different  output 
values. 

4     2  d.  that  always  operate  at  efficiencies  of  1 00%. 

ML6,  MR1 

3.  When  a  force  transfonner  Is  1 00%  efficient, 

61  85  **  a.  the  output  work  equals  the  input  work. 

23  7  b.  the  output  work  is  greater  than  the  input  work. 

7  3  c.  the  output  work  is  less  than  the  input  work. 

8  5  d.  energy  is  lost  in  overcoming  friction. 

ML7 

4.  An  example  of  a  first-class  lever  is 

7  4  a.  a  pressure  booster. 

15  6  b.  a  nutcracker. 

59  77  **  c.  a  hammer  or  crowbar. 

20  7  d.  a  voltage  transformer. 

ML6 

5.  The  efficiency  of  a  mechanical  force  transfonner 

12  3  a.  is  always  equal  to  or  greater  than  100%. 

15     6  b.  does  not  depend  on  how  much  friction  or  resistance  is  present. 

61  85  c.  is  equal  to  the  ratio  (Wori<  Out/Work  In)  x  1 00%. 

10     6  d.  is  lowest  when  outppt  work  equals  input  work. 
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6.  Wh8n  a  block  arid  tackle  force  transformer  has  a  work  input  of  200  ft  lb  and  the 
toad  moves  6  inches  (0.5  ft),  what  is  the  output  force  applied  by  the  block  and 
tackle  transfomier  to  the  toad?  Assume  that  the  block  and  tackle  is  frictionless. 


41 

41 

a 

100  lb 

10 

9 

b. 

200  lb 

28 

47 

"  c. 

400  lb 

11 

3 

d. 

800  lb 

ML6 

7.  The  fcteal  mechanteal  advantage  of  a  block  and  tackle  force  transfonner  is 
confuted  to  be  MAj  =  2.  Examinatton  of  the  forces  involved  shows  that  an  input 

force  of  22,000  lb  was  applied  and  an  output  or  lift  force  of  20,000  lb  resulted. 
The  efffcierxjy  of  the  block  and  tad<le  forca  transfonner  is  very  close  to: 
(%Eff  -  MAg/MAj  X 1 00  and  MAj  =  Fo/Fj) 


20 

11 

a.  100% 

27 

20 

b.  95% 

25 

57 

"  c.  91% 

24 

11 

d.  80% 

ML7, 8,9 

Match  the  "device"  in  the  left  column  with  the  general  type  of  force  transfonrers 
descnljed  in  the  right  column.  For  each  statement  in  the  left  column,  fill  in  the  letter 
from  the  right  column  that  best  describes  the  tenn. 


72 

91 

8.  A  Wedge 

a.  Linear  force  transfonner 

72 

8', 

9.  £  Belt  and  pulley  system 

b.  FlukJ  pressure  transfonner 

7 

17 

10.  A  Hydraulic  jack 

c.  Rotattonal  torque  transfer 

76 

95 

11.  D  Doorbell  transformer 

d.  Electrical  voltage  transformer 

63 

86 

12.     Power  brake  booster 

MR2 

13.  Awheel  and  axle  is  a  force  transfomier  that  can  be  used  to 

23 

27 

"  a.  amplify  force  (force  out  is  greater  than  force  in). 

54    61  b.  anplify  angular  speed  (angular  speed  out  is  greater  than  angular  speed  in). 

16    10         c.  gat  rid  of  friction. 

MR2 

14.  In  a  chain  hoist  that  is  1 00%  efficient,  what  is  the  actual  mechanical  advantage 
(MAa)  of  the  chain  hoist  if  the  input  wheel  is  8  inchs  in  diameter  and  the  output  or 

toad  wheel  is  2  inches  in  diameter?  (MAj  =  r/ro  and  MAa  =  Fo/Fj) 

21  10  a.  MAa  =  1/4 

39  67  b.  MAa»4 

20  7  c.  MAa  =  8 

18  16  d.  Not  enough  information  given  to  answer  the  problem. 


MR3 

15.  An  overhead  crane  hoist  used  in  a  metal  fabricating  shop  is  only  80%  efficient 
die  to  internal  resistance.  The  crane  was  designed  to  have  an  ideal  mechanical 
advantage  of  10  when  rigged  in  a  specified  way.  What  is  the  actual  output  of 
force  the  crane  can  generate  if  the  input  force  is  15  tons? 
(%Eff «  MAg/MAj  X  100,  MAa  ^  F^^i,  MAj  =  D/Dq) 


13 

11 

a. 

27 

11 

b. 

33 

58 

**  c. 

25 

19 

d. 

MR6 

80  tons 
120  tons 

Not  enough  inforrr^aSion  given  to  answer  the  problem. 

16.  A  belt-drive  system  has  a  mechanical  advantage  of  3.  If  the  smaller  wheel  of  the 
belt  drive  is  on  the  input  shaft,  the  output  wheel  (which  is  larger)  will 

21  11  a.  develop  less  output  torque  than  the  input  torque. 

17  14  b.  cause  the  output  shaft  to  turn  faster  than  the  input  shaft. 

43  63  c.  cause  the  output  shaftto  turn  slower  than  the  input  shaft. 

17  12  d.  devetop  more  output  force  than  input  force. 

MR4 

17.  What  is  the  ideal  mechanical  advantage  of  a  simple  gear  train  made  up  of  the 
foliowing  three  gears?  (MA  »  Nq/N;) 


SS3I1  Number  of  teeth 

#1  (input)  12  teeth 

#2  (middle)  42  teeth 

#3  (output)  30  teeth 


20 

4 

a. 

0.7 

39 

69 

"  b. 

2.5 

28 

21 

c. 

3.5 

11 

5 

d. 

5.0 

18.  What  is  the  mechanical  advantage  in  a  hydraulic  jack  whose  input  force  of  20  lb 
delivers  a  300  lb  output  force  to  the  load? 


17 

7 

a. 

0.67 

21 

9 

b. 

1.5 

47 

74 

"  c. 

15 

13 

9 

d. 

60 

F1 

19.  The  hydraulic  jack 

11    29      **  a.  is  a  linear  mechanical  force  transformer. 
60    35  b.  is  a  pressure  booster. 

20    33  c.  employs  a  mechanical  coupling  or  transfomier  between  input  and  output 

pistons. 
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20.  In  a  single-acting  hydraulic  booster  with  internal  resistance,  the  pressure  ratio  of 
pressure  out  divkled  by  pressure  in  is  (308  psi/1 00  psi).  If  the  ideal  mechanical 
advantage  for  this  booster  is  4,  its  efficiency  is: 
(Eff»MAartVIAjXlOO) 


34 

67 

"  a. 

77% 

24 

15 

b. 

85% 

21 

9 

c. 

90% 

19 

9 

d. 

97% 

F1.2 

When  using  a  hydraulic  jack,  mark  those  quantities  whk:h  a)  increase;  b)  remain  the 
same;  or  c)  decrease,  from  input  to  output.  Use  the  letters  from  the  right  column  for 
increase,  same,  or  decrease. 

19    39      21.  fi  Pressure  a.  Increase 

42    65      22.  A  Force  b.  Same 

30    51      23.  a  Piston  movemen  c.  Decrease 

18    40      24.  A  Piston  area 

30    43      25. 3.  Volume  displaced 

F2,1 

When  using  a  pressure  intensrfier,  mark  those  quantities  which  a)  increase;  b) 
remain  the  same;  or  c)  decrease,  from  input  to  output.  Use  the  letters  from  the  right 
column  for  increase,  same,  or  decrease. 

59    84      26.  A  Pressure  a.  Increase 

35    42      27.  B  Force  b.  Same 

33    55      28.  fi  Piston  movement  c.  Decrease 

17    45      29.  £  Piston  area 

38    47      30.  £  Volume  displaced 

El 

31 .  Electrical  transfonners  can  be  used  to  step-up  or  step-down 

30  14  a  voftagoonly. 

16  7  b.  current  only. 

44  78  "  c.  both  vottage  and  cunent. 

8  1  d.  neither  voltage  nor  current. 

E4.3 

32.  Find  the  ideal  mechanical  advantage  for  an  electrical  transformer  that  has 
(nj  a  500  tums,  no=900  tums,  Vj  =  8V  and  Ij  =  0.4A) 


21 

7 

a. 

0.5 

43 

77 

"  b. 

1.8 

22 

9 

c. 

18 

9 

6 

d. 

28 

S9  4S4 

ERIC 


E4 

33.  Find  the  output  voltage  of  a  transformer  that  has  nj=500  turns,  nQ=900  turns, 
and  Vj«8V.  Assume  that  the  transformer  is  1 00%  efficient. 


23 

18 

a.  4.4V 

29 

8 

b.  7.4V 

34 

66 

**  c.  14.4V 

11 

7 

d.  28.8V 

E6 

34.  In  an  electrical  transformer  designed  to  step  up  voltage,  if  electrical  '•esistance  is 
present  in  the  coil  windings,  the  ideal  machanical  advantage  can  alwa  /s  be 
found  from: 

42    68      "  a.  MAj  =  no/nj  (ratio  of  coil  windings) 
23    17  b.  MAj»Vo/Vi  (ratio  of  voltages) 

23    1 2  c.  MAj  =  ij/lo  (ratio  of  currents) 
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Appendix  E 
Student  Attitude  Questionnaire 


All  numbers  in  % 
N«311 


Sex:  (11)  Female   (89)  Male 
Grade:  (3)  1 0th    (26)  1 1th    (71 )  1 2th 

1.  Overall,  did  you  like  the  unit  on  FORCE  TRANSFORMERS? 

(24)  yes,  a  lot  (19)  no,  not  very  much 

(49)  yes,  a  little  (8)  no,  not  at  all 

2.  What  component  did  you  like  most  in  the  FORCE  TRANSFORMERS  unS? 

(1 0)  the  written  material  (24)  the  hands-on  labs 

(28)  the  vkleo  programs  (26)  no  preference 

{Sj  the  mathematics  labs  (6)  more  than  one  component 

3.  What  component  did  you  like  least  in  the  FORCE  TRANSFORMERS  unit? 

(1 8)  the  written  material  (9)  the  hands-on  labs 

(9)  the  video  programs  (30)  no  preference 

(26)  the  mathemattos  labs  (8)  more  than  one  component 

4.  Overall,  was  the  material  that  was  covered  in  the  FORCE  TRANSFORMERS  unit  diff icufl  for 
you  to  understand? 

(13)  yes,  most  of  the  material  was  difficult  for  me  to  understand. 
(57)  yes,  some  of  the  material  was  difficult  for  me  to  understand. 
(30)  no,  most  of  the  material  was  not  difficult  for  me  to  understand. 

5.  Which  component  of  the  FORCE  TRANSFORMERS  unit  was  most  difficult  for  you  to 
understand? 

(1 7)  the  written  material  (8)  the  hands-on  labs 

(6)  the  video  programs  (27)  no  component  was  particularly  difficult 
(35)  the  mathematics  labs  (6)  more  than  one  component 

6.  Which  component  of  the  FORCE  TRANSFORMERS  unit  was  the  least  difficult  for  you  to 
understand? 

(9)  the  written  material  (13)  the  hands-on  labs 

(54)  the  vfdeo  programs  (12)  all  components  were  equally  difficult 

(7)  the  mathemattes  labs  (5)  more  than  one  component 

7.  Do  you  think  the  material  in  the  FORCE  TRANSFORMERS  unit  is  important  for  you  to 
understand? 

(44)  yes,  very  important  (6)  no,  not  very  important 

(44)  yes,  sort  of  important  (6)  no,  not  at  all  important 

8.  Do  you  have  any  comments  about  the  FORCE  TRANSFORMERS  unit? 
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Appendix  P 


Teacher  Questionnaire 


All  numbers  in  % 
N-12 

1 .  What  did  you  like  most  about  the  FORCE  TRANSFORMERS  unit? 

See  attached  comments 

2.  What  did  you  like  least  about  the  FORCE  TRANSFORMERS  unit? 

See  attached  comments 

3.  Which  of  your  students  seeni  to  be  the  nnost  successful  with  the  Unit  7  material? 
(50)  above  average   (5C)  average   (0)  bek>w  average  ^ 

4.  Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50-minute  class 
sessions  Is  realistte  for  the  FORCE  TRANSFORMERS  subunits? 

(33)  yes,  definitely  (25)  no,  probably  not 

(42)  yes,  probably  (0)  no,  definitely  not 

If  no,  please  explain: 
See  attached  comments 

5.  On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  in  the  unit  on 
FORCE  TRANSFORMERS? 

(64)  0-30  minutes  (0)  91-120  minutes 

(18)  31-60  minutes  (0)  121-180  minutes 


Comments: 

See  attached  comments 
6.  Overall,  dkJ  yoi:  feel  comfortable  teaching  the  materials  in  the  unit  on  FORCE 


(18)  61-90  minutes 


(0)  181  or  more 


TRANSFORMERS? 


(50)  yes,  very  comfortable 
(42)  yes,  sort  of  comfortable 


(8)  no,  not  very  comfortable 
(0)  no,  not  at  all  comfortable 


If  no,  please  specify: 


See  attached  comments 


7.  Do  you  enjoy  \eac\\\nQ  Principles  of  Technology? 


(100)  yes,  a  tot 

(0)  yes,  sort  of  comfortable 


(0)  no,  not  very  much 

(0)  no,  not  at  all  comfortable 


Comments: 


See  attached  comments 
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8.  Do  you  ever  show  a  video  program  more  thsn  once? 


(25)  yes.  aiways 
(50)  yes,  frequently 


(25)  no,  not  usually 
(0)  no,  never 


Comments: 

See  attached  comments 

9.  Do  you  think  your  students  did  \iie  assigned  readings  at  home? 
(8)  definitely    (42)  probably   (42)  probably  not    (8)  definitely  not 
Comments: 

See  attached  comments 

10.  What,  if  anything  caused  you  the  rnost  problems  In  teaching  the  unit  on  FORCE 
TRANSFORMERS? 

See  attached  comments 

1 1 .  Do  you  feel  the  teacher's  guide  material  provided  you  with  enough  Infomiation  to  help  you 
successfully  implement  the  unit? 

(40)  definitely   (50)  probably    (1 0)  probably  not    (0)  definitely  not 
If  not,  what  should  be  added  to  make  the  gu>de  more  useful? 
See  attached  comments 

1 2.  Did  you  leach  Unit  7:  FORCE  TRANSFORMERS  on  consecutive  days  for  26  days? 
(58)  yes    (42)  no 

If  no,  what  pattern  did  you  use  (for  example,  3  days  a  week)? 
See  attached  comments 

13.  How  much  time  per  session  did  you  teach? 

(58)  50  minutes  or  less  (8)  61-90  minutes 

(17)  51-60  minutes  (17)  91+  minutes 

14.  Did  you  combine  any  classes  into  one  session  (for  example,  teach  classes  CI  and  C2  in  one 
session)? 

(64)  yes    (36)  no 

If  yes,  which  classes  dkJ  you  combine? 
See  attached  comments 
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15.  How  many  physics  courses  did  you  lal<e  in  college  (undergraduate  and  graduate)? 

(18)  none  (9)5-7 
(27)1  (9)  8  or  more 

(37)  2-4 

1 6.  How  many  mathematics  courses  did  you  take  in  college  (undergraduate  and  graduate)? 

(0)  none  (9)  5-7 

(0)1  (27)  8  or  more 

(64)2-4 

17.  Do  you  have  any  other  comments,  concerns  or  suggestions  for  the  unit  on  FORCE 
TRANSFORMERS? 

See  attached  comments 
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The  following  chart  lists  each  activity  for  the  unit  on  FORCE  TRANSFORMERS  down  the  left 
column.  Since  there  are  no  materials  specifically  for  the  subunit  review  classes,  these  classes 
have  not  been  listed  in  the  chart.  For  each  activity,  you  should  respond  to  the  following  questions 
by  circling  "yes"  or  "rx)." 

1)  Were  the  materials  (readings,  labs,  or  videos)  appropriate  for  your  -^tijdents? 
Was  the  nrwterial  at  the  right  grace  level?  Was  the  amount  of  mat^i-.^  appro- 
priate for  your  students?  For  any  no  responses ,  please  use  the  attached  pages 
to  describe  yourconcems. 

2)  Were  you  able  to  cover  the  material  to  your  satisfaction  in  the  50-minute  time  period? 
(SifKe  this  question  doesnl  apply  to  the  video,  no  response  options  have  been  pro- 
vided for  the  column.  Please  do  respond,  however,  to  the  other  questions  about  the 
video.)  For  any  no  responses,  use  the  attached  pages  to  describe  why  you  could  not 
complete  the  materia!  and/or  what  you  chose  to  delete. 

3)  Were  there  any  en'ors  or  inaccuracies  in  the  material?  For  any  yes  responses,  use  the  at- 
tached pages  to  specify  the  eaors  and  recommended  con-ectlons. 

4)  Were  there  any  problems  managing  the  activity?  For  the  labs,  were  all  your  students 
able  to  rotate  through  the  labs?  Did  you  experience  any  problems  coordinating  the 
labs?  Did  you  experience  any  problems  setting  up  or  tearing  down  the  labs?  Did  you 
experience  any  problems  coordinating  the  activity?  For  any  yes  responses,  use  the 
attached  pages  to  specify  the  problems  you  had,  and  if  possible,  suggest  changes 
you  feel  would  enable  you  to  more  easily  manage  the  material. 

5)  Do  you  have  any  suggested  modifications  for  the  material?  For  any  yes  responses, 
use  the  additional  pages  to  specify  your  suggestions.  Include  ia  this  section  any 
"teaching  tips"  -  special  procedures  you  used  or  means  you  discovered  to  more  easily 
convey  the  information  to  students.  Include  in  this  section  any  comments  you  may 
have  for  the  teacher's  guide. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the  chart  and,  most 
importantly,  to  write  down  your  comments.  If  you  need  more  space  for  comments,  use  the  back  of 
the  comments  pages  and/or  attach  additional  sheets, 
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Appropiiate  for 


Completed  In 


Any  errors 


Any  manage^len^     Any  suggested 


OVERVIEW 

  \ 

100 

100 

100 

13 

87 

Video 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

88 

12 

89 

11 

100 

100 

22 

78 

CO 

yes 

no 

yes 

no 

yee 

no 

yes 

no 

yes 

no 

MECHANICAL 

100 

100 

100 

10 

90 

Vidao 

y6s 

no 

yes 

no 

yes 

no 

yes 

no 

100 

80 

20 

11 

89 

too 

20 

80 

CI 

yes 

no 

yes 

no 

yes 

no 

yee 

no 

yes 

no 

100 

70 

30 

11 

89 

100 

20 

80 

C2 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

yee 

no 

100 

JO 

50 

38 

62 

100 

44 

56 

Math  Lab 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

yes 

—  — 

no 

7M1 

100 

83 

17 

100 

100 

100 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

100 

1 

S3 

17 

20 

80 

17 

83 

100 

7M2 

yes 

no  1 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

RUID 

1 

j 

\ 

100 

1 

> 

< 

100 

100 

11 

Vidtto 

yes 

no  j 

yes 

no 

yes 

no 

yes 

no 

100 

78 

22 

100 

100 

11 

89 

CI 

yes 

no  . 

yes 

no 

yos 

no 

yee 

no 

yes 

no 

C2 

100 

88 

12 

100 

100 

11 

89 

yes 

no 

yes 

no 

yee 

no 

yee 

no 

yes 

no 

Math  lab 

78 

22  i 

19 

1  fm 

inn 
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1 1 

OS 

yes 

no  j 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

7F1 

100 

75 

25 

25 

75 

100 

i  25 

75 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

^  yes 

L  

no 

100 

80 

20 

100 

20 

80 

|---~"- 

'75' 

7r2 

yes 

no 

yes 

no 

yes 

no 

yes 

no 

no 
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Appropriate  for 
students? 


ELECTRICAL 
Vidso 


CI 


C2 


Math  lab 


7E1 


7E2 


100 

yas  no 


100 

yes  no 


\ 


Any  errors        \    Any  managemenK     Any  suggested 
or  inaccuracie$?\     problems?      \  modifications? 


100 

yes  no 


88  U 
yes  no 


100 

yes  no 


100 

yes  no 


11  89 
yes  no 


100 
yes  no 


100 
yes  no 


11  89 
yes  no 


100 
yes  no 


78  22 
yes  no 


57  43 
yes  no 


50  50 
yes  rx) 


50  50 
yes  no 


100 
yes  no 


100 
yes  no 


20  80 
yes  no 


20  80 
yes  no 


100 
yes  no 


100 
yes  no 


11  89 
yes  no 


11  89 
yes  no 


20  8^ 
yes  no 


20  80 
yes  no 


25  75 
yes  no 


20  80 

yes  no 

20  80 

yes  no 


THERMAL  * 
Video 


100 

yes  no 


100 
yes  no 


100 
yeo  no 


100 
yes  no 


CI 


100 

yes  no 


67  33 
yes  no 


C2 


Math  lab 


100 

yes  no 


67  33 
yes  no 


100 
yes  no 

Too" 

yes  no 


100 
yes  no 


33  67 
yes  no 


100 
yes  no 


100 
yes  no 


100 

yes  no 


67  33 

yes  no 

J  50 

yes  no 


100 

yes  no 


100 
yes  no 

100 
yes  no 

100 
yes  no 

40  60 
yes  no 


100 
ydS  no 

100 
yes  no 

"Too' 

yes  no 

40  60 
yes  no 


100 
yes  no 

50  50" 
yes  no 

100 

J     yes  no 

I  20  80 
j     ye5  no 
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Comments  for  Overview  Class 

See  attached r^mmeus 


Comments  for  Videos 


Overview  Video:  See  attached  comments 


Mechanical  Systems:  See  attached  comments 


Ruid  Systems:  See  attached  comments 


Electrical  Systems:  See  attached  comments 


Themial  Systems:  See  attached  comments 


Summary  Video:  See  attached  comments 
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Comments  for  CI  Classes 
Mechanical  Systems  01 :  See  attached  comments 

Fluid  Systems  CI :  See  attached  comments 
Electrical  Systems  CI :  See  attached  comments 
Thennal  Systems  CI :  See  attached  comments 
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Comments  for  C2  Classes 
Mechanical  Systems  02:  See  attached  comments 

Fluid  Systems  02:  See  attached  comments 

Electrical  Systems  02:  See  attached  comments 

Thennal  Systems  02:  See  attached  comments 


ERIC 


42 

508 


Comments  for  Math  Lab  Classes 
Mechanical  Systems  Math  Lab:  See  attached  comments 

Fluid  Systems  Math  Lab:  See  attached  comments 

Electrical  Systems  Math  Lab:  See  attached  comments 

Thennal  Systems  Math  Lab:  See  attached  comments 


43  509 


Comments  for  Lab  1  Classes 
Mechanical  Systems  Lab  1 :  See  attached  comments 

Fluid  Systems  Lab  1 :  See  attached  comments 

Electrical  Systems  Lab  1 :  See  attached  comments 

Thennal  Systems  Lab  1 :  See  attached  comments 
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Comments  for  Lab  2  Classes 
Mechanical  Systems  Lab  2:  See  attached  comments 

Fluid  Systems  Lab  2:  See  attached  comments 

Electrical  Systems  Lab  2:  See  attached  comments 

Themial  Systems  Lab  2:  See  attached  comments 
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Comments  for  Summary  Class 

See  attached  comments 
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Teacher  Questionnaire  Comments 


Question  1  Comments 

What  did  you  like  most  about  the  FORCE  TRANSFORMERS  unit? 

1.  The  labs  we  did  were  nwsl  effective  and  interesting.  (#30) 

2.  Usefui  material  that  is  normally  not  taught  during  high  school.  (#78) 

3.  The  videos.  (#42) 

4.  The  Electrical  subunit.  (#36) 

5.  Seems  to  get  closer  to  real  worid  than  some  other  units.  (#38) 

6.  Okay.  (#62) 

7.  The  unifying  equations  and  concepts.  Good  problems  in  each  system  (math  lab).  (#46) 

8.  The  Electrical  lab  (7E1/7E2).  (#17) 

9.  Math  labs.  (#13) 

1 0.  The  title  scared  me  at  first,  then  I  realized  it  was  simple  machines  and  it  was  quite 
enjoyable.  (#11) 
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Question  2  Comments 

What  did  you  like  least  about  the  FORCE  TRANSFORMERS  unit? 

1 .  Unit  tended  to  be  heavily  detailed  Kids  complained  that  there  were  too  many  formulas 
to  calculate  the  same  thing,  such  as  MAa  and  MAi.  (#30) 

2.  The  n^ath  labs  need  to  be  written  with  more  clarity,  say  what  you  mean.  (#63) 

3.  Trying  to  buikJ  lab  apparatus  up  in  time.  (#78) 

4.  Very  poorly  written  unit*  Too  intense,  too  confusing,  and  too  many  errors.  Sargent- 
Welch's  price  list  for  Unit  7  reached  me  1  week  before  the  finish  of  the  unit.  (#42) 

5.  'Very"  mechanical  ~  above  my  head  because  I  have  such  a  limited  industrial  arts  back- 
ground. (it37) 

6.  Fluids  subunit.  (#36) 

7.  There  is  just  too  much  material  to  cover.  However,  I  doni  know  what  I  would  take  out. 
(#38) 

8.  Okay.  (#62) 

9.  Test  was  not  adequate.  There  were  some  mistakes.  (#46) 

1 0.  Math  labs,  they  were  good  questions  but  didnl  keep  to  the  unit  subject.  (U^7) 

11.  Labs.  (#13) 

1 2.  It  seemed  a  little  tong.  (#1 1) 
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Question  3  Comments 


Which  of  your  students  seem  to  be  the  most  successful  with  the  Unit  VII 
material? 

1.  We  must  remember  that  we  are  now  dealing  with  seniors.  (#30) 

2.  Unfair  to  judge  since  equipment  was  totaHy  lacking.  (#42) 

3.  Theones  who  read  the  assignments  did  well.  (#46) 

4.  Above  average,  always!  (#17) 
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Question  4  Comments 


Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50- 
minute  class  sessions  Is  realistic  for  the  FORCE  TRANSFORMERS  subunits? 

1 .  If  the  unit  draws  on  much  longer  than  26  days,  the  kids  tend  to  tum  it  off.  Twenty-six 
is  approximately  the  maximum  attention  span.  (#30) 

2.  Need  more  time  to  really  get  students  to  the  point  that  they  fee!  confident.  (#78) 

3.  Labs  are  too  extensive.  (#62) 

4.  Preparing  outside  problems  relevant  to  the  unit  took  some  of  the  time.  (#46) 
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Question  5  Comments 


On  average,  how  much  time  did  you  spend  preparing  to  teach  each  class  In  the 
unit  on  FORCE  TRANSFORMERS? 

1.  Preparing  more  problems  and  also  advanced  problems  for  the  above-average  students 
took  1  to  2  hours  extra,  par  day.  (#46) 
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Question  6  Comments 


Ov^ralli  did  you  feel  comfortable  teaching  the  materials  In  the  unit  on  FORCE 
TRANSFORMERS? 

1 .  Units  1  -7  are  much  more  comfortable  to  teach  than  8-1 6  will  be  since  the  lab  materials 
areln-house.  (#30) 

2.  Math  ts  stnt  a  little  problem  for  me.  (#38) 
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Question  7  Comments 


Do  you  enjoy  teaching  PRINCIPLES  OF  TECHNOLOGY? 

1 .  I  enjoyed  1-7  a  lot.  I  do  not  enjoy  telling  the  kids  about  the  next  lab  because  the  materials 
haveni  anived  yet.  (#30) 

2.  When  equipment  for  labs  and  demos  is  present.  (#42) 

3.  I  enjoy  this  because  I  wish  I  had  the  physics  this  way  (unif  fed  equatbns  and  concepts)  when 
was  in  high  school,  or      college.  It's  easier  than  physics  really  looks.  (#46) 

4.  It  Is  "so  good"  to  see  science  used  with  hands-on.  (#17) 
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Question  8  Comments 


Do  you  ever  show  a  video  program  more  than  once? 

1 .  It  would  be  worth  it  to  suggest  in  the  teacher's  guide  that  a  review  of  the  Unit  2  videos  before 
the  con'esponding  Unit  7  videos  would  be  good.  (#30) 

2.  Each  subunit  was  shown  before  and  after  as  called  for.  (#42) 

3.  Also  use  PBS  programs  that  are  relative.  (#62) 

4.  Sometimes  we  looked  at  it  more  than  two  or  three  times,  but  at  least  I  showed  a  video 
once  at  the  beginning  of  the  subunit  and  once  after.  (#46) 

5.  Some  are  very  neat,  you  just  have  to  show  them  again.  Also  good  opportunity  to  teach  a 
principle  again.  (#17) 
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Question  9  Comments 


Do  you  think  your  students  did  the  assigned  readings  at  home? 

1 .  There  appears  to  be  a  significant  conreiation  between  "Overall,  did  you  like  the  unit  on..." 
and  the  amount  of  homework  done  by  them.  (#30) 

2.  The  ones  who  did  well,  I  am  sure,  did  the  assigned  readings.  (#46) 

3-  We  do  the  wori<  in  class  under  my  supervision.  Students  attent  3  hours  a  day,  5  days  a  week. 
(#17) 
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Question  10  Comments 


What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on  FORCE 
TRANSFORMERS? 

1 .  Other  than  !ab  equipment  not  arriving,  Unit  7  was  somewhat  tong.  Kids  complained  about  so 
many  "two-word  names"  lik^  pressure-intensifier,  force  transfonners,  mechanical  advantaqe. 
etc.  (#30) 

2.  Too  many  specialized  fonnulas  and  equations  to  keep  up  wHh.  (#78) 

3.  Lack  of  equipment.  (#42) 

4.  The  mechanical  part.  (#37) 

5.  We  were  not  able  to  compplete  all  the  labs  because  we  lacked  the  equipment.  In  fact,  we 
didnl  receive  any  Unit  7  equipment  from  Sargent-Wetoh.  We  constmcted  our  own 
equipment  for  a  couple  of  labs.  (#36) 

6.  No  equipment  to  speak  of.  Need  more  time,  because  I  needed  to  review  at  the  beginning  of 
the  year  things  got  behind.  However,  there  is  still  too  much  material.  (#38) 

7.  Labs,  math  is  tough.  (#62) 

8.  The  computer  test.  I  Dme  of  the  questfons  were  not  as  clear  as  they  should  have  been. 
(#46) 

9.  Nothing  in  particular.  (#17) 

10.  Extra  math  problems,  different  labs.  (#13) 
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Question  11  Comments 


Do  you  feel  the  teacher's  guide  material  provided  you  with  enough  Information 
to  help  you  successfully  Implement  the  unit? 

1.  Explanation  of  math  problems.  The  authors  assume  all  Instructors  have  a  physics  background 
when  \r.  fact  most  vocattonal  instructors  lack  a  strong  math  background.  (#63) 

2.  Be  sure  to  start  explaining  how  formulas  or  conclustons  are  anived  at  for  teachers.  (#38) 

3.  Definitely,  because  it  was  enough  to  teach  the  unit.  Probably,  because  it  dki  not  have  some 
extra  problems  for  the  advanced  students.  (#46) 
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Question  12  Comments 


Did  y^u  teach  Unit  7:  FORCE  TRANSFORMERS  on  consecutive  days  for  26 
days? 

1 .  Two  periods  a  day,  alternate  weeks.  (#30) 

2.  Due  to  weather  problems  and  school  activities  I  averaged  four  days  a  week.(#63) 

3.  Material  took  34  days  to  complete  because  of  sk3w  down  to  buikl  up  lab  apparatus.  (#78) 

4.  Not  enough  time -!  taught  consecutive.  (#38) 

5.  Two  days  a  week,  2  hours  a  day.  (#13) 

6.  95  minutes  every  other  day.  (#11) 
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Question  14  Comments 

Did  you  combine  any  classes  into  one  session  (for  example,  teach  classes  C1 
and  C2  in  one  session)? 

1 .  All  of  them  in  this  unit  because  we  are  running  short  of  time  by  a  few  days.      (#1 7) 

2.  CO.  C1  and  LC2;  MS1  and  LI;  L2  and  Review.  (#30) 

3.  C1  andC2.  (#63) 

4.  C1  and  C2  in  nfiechanical  rotational,  but  then  found  we  needed  to  spend  3  days  on  C1  and 
C2,  we  repeated.  (#37) 

5.  Some  of  the  C1  and  C2  classes.  Also,  L1  and  L2  in  mechanical  (linear).  (#46) 

6.  C1-C2,  math  lab  and  lab.  (#13) 

7.  Overview  &  C1 .  C1  and  math,  L1  and  1-2.  (#11) 
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Question  17  Comments 


Do  you  have  any  other  comments,  concerns  or  suggestions  for  the  unit  on 
FORCE  TRANSFORIVIERS? 

1.  Several  students  complained  that  It  was  "harder  to  read"  than  the  others.  Reading  level 
different?  («30) 

2.  Rewrite  the  unit.  (#42) 

3.  I  think  the  fluids  subunit  was  a  little  above  the  level  for  our  students.  (#36) 

4.  There  is  too  much  material  for  the  unit  to  be  in  a  transitional  position  in  the  cuniculu;m.  (#38) 

5.  It  has  been  an  excellent  course  for  me  to  teach,  I  learned  how,  by  unification  of  the  concepts, 
it  can  be  easier  to  understand.  Tests  can  be  improved  a  lot.  (#46) 
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Comments  for  Overview  Clas^ 


1 .  It  was  excellent,  students  got  note  out  of  it  by  looking  at  it  later  in  the  course.  (#46) 

2.  Very  well  presented.  (#13) 

3.  Okay  but  kind  of  short.  (#17) 

4.  I  asked  my  kids  how  many  had  read  the  discussion  on  page  2,  "A  Technician  Talks  About 
Transfomiers."  Perfect  zero.  If  it's  going  to  stay  it  needs  illustratic"  and  definition.  Cut 
length  of  entire  oven/iew  segment.  (#30) 


61 


Comments  for  Videos 

1 .  They  all  were  good  Students  enjoyed  them  when  they  saw  them  second  and  third  times. 
They  can  be  improved  by  showing  more  examples  and  making  them  more  scientific.  {n$4G) 

2.  All  were  good.  (#13) 

3.  All  were  good,  but  short. 

Summary:  Bad  audio,  another  sound  track  over  normal  one,  interference.  (#17) 

4.  No  problem  with  videos.  (#36) 

5.  Etectrlcal:  There  was  a  tv  commercial  on  this  portion  of  video.  (#38) 

6.  All  vWeos  were  excellent.  (#78) 

7.  Electrical:  Good  illustration. 

Summary:  Poor  reproduction.  Audio  overprinted  with  a  comnwrcial.  (#30) 
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Comments  for  CI  Classes 


1.  They  were  excellent.  (#46) 

2.  They  were  fair.  (#13) 

3.  All  were  good.  It  is  a  good  procedure  to  separate  linear  from  rotational.  (#.7) 

4.  Electrical:  Cun'ent  is  dependent  on  load,  not  on  tums.  (#62) 

5.  Mechanical:  Very  complicated  in  the  rotational  subunit,  specifically  MA  »  output/input 
or  vice  versa.  I  talked  to  CORD  on  the  phone  regarding  this  confusion. 

Fluid:  Pressure  intensifler  needed  more  explanation.  (#37) 

6.  Mechanical:  Be  consistent.  In  one  place  you  tell  the  students  that  pulleys  are  not  force 
transfomiers  unless  free,  then  turn  around  and  say  that  a  pulley  is  a  basic  linear  transformer. 
(#38) 

7.  Mechanical:  Problems  where  you  have  to  '•Rnd:  a,  b,  c..."  tend  to  confuse  and  frighten 
some  kids  who  are  less  interested  in  the  math.  If  we're  keeping  the  reading  simple,  we 
shouki  do  that  with  at  least  the  appearance  of  the  math  examples.  The  toughies  and  the 
multiple  chok:e  answer  problems  can  go  to  the  math  labs.  Larger  number  of  devk:es 
covered  between  C1  and  C2  classes.  Pages  containing  formulas  coukJ  be  marked  some- 
how (black  band  across  top,  etc.)  to  alk>w  kkte  to  refer  to  it  more  simply. 

Electrical:  Nteely  done.  Short  enough  and  well  illustrated.  Flag  formulas  page  on  155. 

Fluid:  Example  7-L  way  too  compltoated.  tf  I  were  a  kkJ  studying  appliance  repair,  I  wouldnl 
even  spend  my  time  looking  at  it.  Flag  formula  page.  (#30) 
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Comments  for  C2  Classes 


1.  Excellent.  (#46) 

2.  All  were  fair.  (#13) 

3.  All  were  good.  (#17) 

4.  Mechanical:  There  are  so  many  math  examples  given  in  02  that  students  have  trouble 
focusing  on  the  descriptive  infomiatlon  on  levers.  By  test  time,  they  forgot  which  levers 
were  which. 

Fluid:  Example  7-M  on  page  120,  required  almost  2  full  pages  to  calculate  5  things  and 
Included  symbols  lil<e  MAg  =  Po(actual)/Pi.  More  complicated  than  necessary. 

Electrical:  Example  7-P  needs  to  be  split  and/or  simplified.  Page  159  Is  a  good  illustra- 
tion. (#30) 
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Comments  for  Mathematics  Lab  Classes 


1.  They  were  good  but  not  enough  student  problems.  (#13) 

2.  They  all  were  great  We  can  use  some  more  problems  for  the  interested  students.  (#46) 

3.  Mechanical:  Problem  1a  needs  a  picture.  Problem  6a,  answer  should  be  2  inches 


Fluid:  Good  questions  and  problems  for  mechanical  but  what  about  having  good  prob- 
lems on  hydraulics  and  pneumatics? 

Electrical:  Good  questions  of  hydraulic  and  pneumatic  but  what  about  electrical?  (#17) 

4.  Mechanical:  Error  on  page  T-1.  (#36) 

5.  Mechanical:  Page  T-4,  question  6b,  figure  b:  Fq  »  240  lb  not  F|.  Dq  »  20  lh/240  lb  x  24  in. 
Dq»  2  in,  not  12  in. 

Fluid:  Long  but  good,  needs  diagrams. 

Electrical:  Seemed  easier  than  mechanical  or  fluid.  (#37) 

6.  Too  much.  (#38) 

7.  Fluid:  Math  lab  7MS3,  need  all  fluid  problems  instead  of  a  mixture  of  rotational  and 
mechanical  sy.s{ems.  One  has  to  go  back  to  previous  unrelated  section  for  useful  formula  and 
equations.  (#78) 

8.  Mechanical:  Long  discussion  along  with  example  problem  mvikes  math  lab  too  long  and 
detailed.  This  math  lab  could  be  divided  in  half  very  easily.  Suggest  that  we  change  multiple 
answer  problems  to  several  problems  with  no  more  than  3  solutions  each,  preferably  fewer. 

Fluid:  Math  labs  need  to  be  modified  by  now.  All  three  were  nothing  more  interesting  than 
extra  student  exercise  problems.  Time  for  some  novelty  to  break  up  the  engineering.  (#30) 

9.  Mechanical:  Wori<ed  fine. 

Fluid:  I  had  some  difficulty  trying  to  get  the  two  f  ^numatic  rams  hooked  together  but  it  does 
wori<  quite  well. 

Electrical:  We  used  some  materials  from  the  electronics  lab  to  do  the  lab  with.  They  were 
different  than  specified  but  that  made  it  even  more  meaningful  to  the  students.  (#1 1) 
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Comments  for  Lab  1  Classes 


1 .  The  labs  were  excellent.  We  didnt  have  the  equipment  for  some  of  the  labs  and  we  couldn't 
do  them  but  we  went  over  them  and  fully  understood.  (#46) 

2.  Did  not  use.  Devised  labs  of  my  own  to  fit  my  equipment  (#17) 

3.  Good.  (#17) 

4.  We  have  received  NO  equipment  from  Sargent-Welch.  We  placed  our  order  In  June  1985. 
(#37) 

5.  Mechanical:  Since  we  did  not  receive  any  lab  equip  ,ient  for  Unit  7,  lab  activity  was  limited. 
The  lab  Involving  gears  could  not  be  done.  It  was  diffkxjft  trying  to  find  gears  locally.  The 
stepped  bett-dmm  assembly  was  constructed  locally  and  proved  to  be  pretty  successful. 

Fluid:  No  fluid  lab,  no  equipment. 

Electrical:  The  construction  of  the  transformer  took  a  long  time.  It  dldnt  work  the  first  time. 
(#36) 

6.  Need  the  equipment.  (#38) 

7.  Fluid:  No  equipment. 

Electrical:  Every  coil  shorted  itself  when  slid  onto  the  post  (which  was  a  boK).  The  ridges 
scraped  the  vamish  from  ai  least  one  out  of  every  two  coils.  (#42) 

8.  Mechanical:  Good  idea.  Especially  useful  device  for  these  kids  to  study.  BUT  no  wire 
listed  in  materials  list  to  attach  com-along  to  support  stand. 

Fluid:  Looks  like  an  interesting  lab.  Certainty  wish  we  couki  have  tried  it,  but  we  were 
waiting,  and  continue  to  wait,  for  Sargent-Weteh. 

Electrical:  No  equipment  arrived.  May  reschedule  later.  Sounds  like  a  good  lab,  but  I  am 
concemed  with  safety  aspects. 

Rotational:  Equipment  supplied  by  Sargent-Welch  inefficient.  If  monofilament  line  tied  to 
index  hole  In  gear  train,  the  gear  train  is  blocked  by  the  knot  on  next  revolution.  Modify  page 
91,  step7  to  read  "attach  an  8"  tong  length  of  monofilameni  line  to  the  hub  of  the  input  drum 
with  a  strip  of  tape.  Do  not  use  the  index  hole  on  the  rim  if  one  is  provided."  (#30) 
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Comments  for  Lab  2  Classes 


1.  They  were  great.  (#46^ 

2.  Did  not  use.  Devised  labs  of  my  own  to  fit  my  equipment.  (#13) 

3.  Good.  (#1V) 

4.  We  cx)mpleted  only  one  lab  for  each  subunit  because  the  equipment  was  unavailable.  In  the 
fluid  subunit,  we  didn't  complete  any.  (#36) 

5.  No  equipment.  (#42) 

6.  Mechanical:  7M2,  page  54,  Efficiency  equation  is  wrong.  Should  be  Eff «  MA^i'MAi  x  100  = 

percent.  7M3,  the  gear  system  sold  by  Saigent-Welch  is  not  compatible  to  lab  writeup.  The 
advantage  is  so  great  that  only  20-40  grams  will  lift  more  than  weights  stacked  on  weight 
hangar.  The  lab  tells  us  to  start  with  200  grams  on  input.  (#78) 

7.  Mechanical:  Pipe  vice  assembly  needed  to  be  supported  by  ring  stands  since  no  support 
was  provided  by  Sargent-Welch  version.  Data  came  out  okay. 

Fluid:  Good  except  large  cylinders  arrived  without  hose  connectors.  There  was  no 
-coupling  slug-  and  we  replaced  it  quite  well  with  a  3/8"  SAE  nut.  It  is  impossible  to  obtain 
threaded  PVC  fittings  or  adapters  locally.  We  dldnl  have  enough  clamps  or  pressure  gauges 
on  the  original  equipment  list,  but  when  effectively  mfckey-nwused  it  worked. 

Ef-^-rtrical:  Continues  lab  1 .  Idea  of  continuing  lab  is  not  bad  and  would  work  especially  well 
in  Massachusetts  schools  with  their  double-periods,  but  if  you  doni  have  the  equipment  for 
LI ,  you  doni  have  it  for  L2  either. 

Rotational:  Looks  like  a  good  Wea.  Equipment  not  available,  so  we  did  not  complete.  Will 
reschedule  later  if  time  pemiits.  (#30) 
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Comments  for  Summary  Class 


1.  All  were  interested  {happy  to  be  ending  school),  showed  an  intent  to  really  show  what  they 
teamed,  many  questions  al>out  unit  and  also  questions  on  whole  program.  (#13) 

2.  Good.  (#4S) 

3.  Okay.  (#17) 

4.  Mistakes: 

page  6:  Fq  »  output,  force  =  25  ft,  shou W  be  25  3b. 

page  32:  line  6  from  top,  "Is  simply  two  equal  rattos." 

page  F40:  last  line,  Dq  « 12  inches  shoukJ  be  2  inches. 

page  44:  line  6  from  top,  "see  inset  in  figure  2,"  no  inserts  given. 

page  45:  figure  3  lab  set-up  shouki  be  90  degrees. 

page  50:  last  printed  line,  figure  1  e,  shouki  be  la. 

paga  52:  part  2,  measuring  #1 ,  last  3  words,"disk,  as  shown..."  is  not  shown. 

page  54:  #3,  Efficiency  -  MA/MAa,  shouWnl  it  be  Efficiency  =  MA^^Aj? 

page  T-80:  problem  #1 ,  abc,  diameters  «  3",  4",  6";  radii « 1 .5",  2",  3". 
p>igeT-81:  same  as  T-80. 

page  102:  #3  "shown  in  figure  2"  shouW  be  figure  7. 

page  120:  example  7-M,  there  is  no  answer  for  B,  should  be  1050  Mn^. 

page  T-160:  #5,  answer  Vq  =  20V  shoukJ  be  2V.  (#42) 

5.  VWeo  pooriy  duplicated.  Dubbed  with  two  video  tracks  and  made  unusable.  With  such  a 
massive  number  of  formulas  included  in  this  unit,  review  class  would  be  a  good  place  for  a 
single  page  of  fonmulas  lO  be  collected  and  reprinted.  (#30) 
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AIT 

The  Agency  for  Instructional  Technology  is  a  nonprofit  American-Canadian  organization 
established  in  1973  to  strengthen  education  through  technology.  In  cooperation  with  state  and 
provincial  agencies,  AIT  develops  instructional  materials  using  television  and  computers.  AIT  aiso 
acquires  and  distributes  a  wide  variety  of  television      related  print  materials  for  use  as  major 
learning  resources.  It  makes  many  of  these  materials  available  in  audiovisual  formats.  From  Apcil 
1973  to  July  1984,  AIT  was  known  as  the  Agency  for  Instructional  Television.  Its  predecessor 
organization.  National  Instructional  Television,  was  founded  in  1962.  AITs  main  offices  are  in 
Bloomington,  Indiana. 

CORD 

The  Center  for  Occupational  Research  and  Development  is  a  nonprofit  organization  established 
to  conduct  research  and  development  activities  and  to  disseminate  curricula  for  technical  and 
occur  ational  education  and  training.  CORD  has  developed  over  36,000  pages  of  instructional 
materials  for  technicians  on  14  major  curriculum  projects  in  advanced  technology  areas.  This 
includes  the  Unified  Technical  Concepts  course  on  which  Principles  of  Technology  is  based. 
These  projects  were  sponsored  by  contracts  with  federal  and  state  agencies,  and  by  industrial 
support  from  the  private  sector.  The  products  developed  by  CORD  are  used  in  technical 
institutes,  community  colleges,  vocational  high  schools  and  industry  training  programs.  CORD 
has  been  tailoring  educational  programs  to  meet  wori<force  needs  for  10  years.  The  CORD  office 
is  in  Waco,  Texas. 
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INTRODUCTION 


Principles  of  Technology  \s  an  applied  science  course  for  high  school  vocational  students  that 
is  being  developed  collaboratively  by  the  Agency  for  Instructional  Technology  (AIT),  the  Center 
for  Occupational  Research  and  Development  (CORD),  and  a  consortium  of  40  state  and  provincial 
education  agencies  (see  Appendix  A  for  a  list  of  cooperating  agencies).  The  course  consists  of 
fourteen  units,  each  focusing  on  a  principle  that  underlies  toda/s  technology.  Each  unit  consists 
of  a  student  manual,  a  teacher's  guide,  hands-on  laboratories,  and  video  programs. 

The  entire  project  is  being  developed  with  th</  help  of  a  formative  evaluation  process  that 
systematically  collects  data  from  a  special  review  team  (sea  Appendix  B),  from  consortium 
representatives,  and  from  teachers  and  st;jdents  at  classroom  pilot  test  sites.  The  review  team 
reviews  preliminary  drafts  of  the  instructional  materials  before  they  are  sent  to  consortium 
representatives  and  pilot  test  sites.  Consortium  representatives  review  the  material  concurrently 
with  the  classroom  pilot  testing.  The  data  from  all  sources  -  review  team,  consortium 
representatives,  and  pilot  sites  -  are  analyzed  and  reported  to  the  developers,  who  use  these 
findings  to  revise  the  materials. 

Thus,  an  important  part  of  the  overall  formative  evaluation  is  a  pilot  test  of  each  unit  in  actual 
classroom  settings.  The  primary  purposes  of  the  pilot  test  are:  1)  to  determine  how  well  the 
materials  are  working,  and  2)  to  identify  specific  problems  with  the  materials.  All  pilot  test  teachers 
were  oriented  to  the  Principles  of  Technology  course  and  to  the  pilot  test  procedures  at  one  of 
two  meetings  held  in  Dallas  the  summer  of  1984.  Almost  all  pilot  test  teachers  met  again  in  a 
combined  meeting  with  consortium  representatives  and  AIT/CORD  staff  in  Dallas  the  summer  of 
'^985.  At  this  meeting,  staff  members  proposed  several  modifications  in  the  pilot  test  procedures. 
Most  of  these  changes  were  in  the  instrumentation  for  year  two  of  the  pilot  test.  (These  changes 
are  detailed  In  the  instnjmentation  section  of  this  report,  pages  6-8.) 

This  report  details  the  findings  of  the  pilot  test  of  Unit  8:  MOMENTUM.  The  report  makes  some 
comparisons  of  these  findings  with  those  for  Units  1-7,  which  are  contained  in  separate  reports 
(see  "Unit  1:  FORCE  -  Pilot  Test  Findings,**  December  18, 1984;  "Unit  2:  WORK  -  Pilot  Test 
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Findings;  March  1 , 1985;  "Unit  3:  RATE  -  Pilot  Test  Findings"  May  6, 1985;  ''Unit  4: 
RESISTANCE  -  Pilot  Test  findings;  May  29, 1985;  "Unit  5:  ENERGY  -  Pilot  Test  Findings,"  July 
15, 1985;  Unit  6:  POWER  -  Pilot  Test  Findings;  August  19, 1985;  and  "Unit  7:  FORCE 
TRANSFORMERS  -  Pilot  Test  Findings;  January,  1 986).  Since  some  of  the  year  two 
instmmentation,  beginning  with  Unit  8,  was  nmdified,  exact  comparisons  with  Units  1-7  data  were 
no  longer  possible.  There  remains  however,  enough  common  elements  from  year  one  to  year 
two  instrumentalior  to  make  several  comparisons.  Finally,  when  reading  this  report  it's  important 
to  remember  that  all  data  are  formative  data;  the  developers  are  using  the  data,  along  with 
reactions  from  the  review  team  and  consortium  representatives,  as  a  basis  for  revising  the 
materials. 
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PILOT  TEST  PROCEDURES 

U'^Ht  8:  MOMENTUM  pilot  test  materials  were  mailed  to  teachers  in  mid-August  1985.  These 
materials  consisted  of: 

1)  Parallel  pretest/posttest  (see  Appendix  C) 

2)  Computerized  scoring  sheets  for  the  pretest/posttest 

3)  Student  attitude  questionnaires  (see  Appendix  E) 

4)  Teacher  questionnaires  (see  Appendix  F) 

5)  Unit  daily  log  (see  Appendix  G) 

Teachers  administered  the  pretest  before  any  teaching.  As  they  taught  the  unit,  teachers 
recorded  their  reactions  to  the  unit  on  a  detailed  questionnaire.  At  the  conclusion  of  the  unit, 
teachers  administered  the  posttest  along  with  the  student  attitude  questionnaires.  As  requested 
by  teachers  at  the  summer  meeting,  parallel  fonns  of  the  same  test  were  used  for  the  pretest  and 
posttest.  Unit  8  mari<s  the  first  unit  in  the  project  to  use  parallel  forms.  All  Unit  8  materials  were 
then  mailed  back  to  AIT.  This  report  contains  all  data  received  by  December  1985. 
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LIMITATIONS  OF  THE  METHODOLOGY 


Two  major  I'mitlng  factors  must  be  considered  when  the  findings  are  interpreted:  research 
design  and  extemal  variables  beyond  the  project's  control. 
Research  Design  Constraints 

Several  factors  in  the  research  design  must  be  considered,  including: 

•  Lack  of  matched  contro!  griDups 

The  design  allows  one  to  draw  conclusions  only  about  the  Principles  of  Technology  course, 
but  not  to  compare  these  results  to  other  comparable  teaching  methods.  The  costs  in  time, 
resources,  and  further  administrative  impositions  on  the  pilot  test  schools  prohibited  the 
establishment  of  matched  control  groups.  It's  also  difficult  to  match  Principles  of  Technology  \q 
other  courses.  Would  they  be  physics  courses  or  vocational  courses?  Thus,  in  addition  to  the 
fiscal  and  administrative  constraints,  the  matching  process  itself  would  be  problematic. 

•  The  pretest/posttest  format 

Parallel  forms  of  the  same  test  were  used  for  the  pretest/posttest.  The  effect  that  memory  of 
the  pretest  might  have  on  posttest  performance  was  a  concern.  The  research  design 
addressed  this  concern  in  four  ways: 

1)  Students  were  not  given  the  correct  answers  to  the  pretest.  The  effect  of  memory  was 
limited,  immediately,  to  the  nature  of  the  questions  without  accompanying  knowledge 
of  the  conrect  answers. 

2)  The  posttest  was  administered  mure  than  one  month  after  the  pretest.  In  the  intervening 
time  students  had  many  experiences,  both  academic  and  personal,  that  would  mitigate 
'^e  effects  of  memory. 

3)  A  con^elated  Mest  was  used  to  analyze  the  pretest/posttest  data.  This  technique  helps  to 
partial  out  any  variance  that  might  result  from  an  intruding  correlation  -  in  this  case,  memory. 

4)  Parallel  forms  of  the  test  were  used.  Although  the  items  were  identical,  the  order  of  the 
items  was  changed  from  pretest  to  posttest. 

The  pretest/posttest  as  ar^  instrument  (see  the  section  on  instrumentation,  pages  6-8) 

The  test  cannot  measure  all  objectives.  Therefore,  objectives  had  to  be  sampled.  Also,  the 
items  do  not  always  directly  match  the  intended  objectives.  The  test  was  a  cognitive  test. 
Many  of  the  objectives  (particularly  the  lab  objectives)  are  psychomotor  objectives.  One  must 
consider  each  of  these  factors  when  assessing  the  validity  of  the  instrument.  Ifs  important  to 
remember,  however,  that  the  test  ii^  but  one  of  several  means  being  used  to  assess  the  unit. 

External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  results,  including: 

•  Equipment  problems 

As  with  the  previous  units,  several  teachers  reported  problems  in  securing  the  necessary  lab 
equipment 
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•  student  characteristics 

Both  teachers  and  students  have  reported  what  appears  to  be  considerable  variability  in  the 
kinds  of  students  in  the  course.  This  variability  encompasses  students*  academic 
backgrounds,  ability  levels,  and  socioeconomic  levels.  The  project  has  made  no  attempt  to 
control  these  variables. 

•  Teaching  pattern 

Teachers  report  considerable  variability  in  the  length  of  classes  and  number  of  class  sessions. 
The  project  has  made  no  attempt  to  control  these  situations,  but  has  instead  attempted  to 
assess  the  impact  of  the  various  conditions  on  the  outcomes. 

So,  both  research  design  and  extemal  constraints  must  be  considered  when  the  results  are 
interpreted.  It's  important  to  remember  that  the  pilot  test  was  designed  as  a  part  of  the  overall 
formative  evaluation,  not  as  rigidly  controlled  research.  Nonetheless,  the  validity  of  the  various 
data  collection  procedures  must  be  considered. 


INSTRUMENTATION 

The  instruments  for  Unit  8  were: 

1)  Parallel  forms  of  a  pretest/posttest 

2)  Student  attitude  questionnaires 

3)  A  teaclier  questionnaire 

4)  A  unit  daily  log 

The  student  attitude  questionnaire,  teacher  questionnaire  and  unit  daily  log  were  revised 
substantially  from  the  instruments  used  for  Units  1-7.  These  revisions  reflected  comments  made 
at  the  July  1985  meeting  in  Dallas.  Dr.  Floyd  McKinney  of  the  National  Center  for  Research  in 
Vocational  Education  in  Columbus,  Ohio,  who  attended  this  meeting,  has  made  substantive 
contributions  to  tlie  revisions  of  these  instruments.  Before  discussing  the  revisions,  however, 
let's  first  examine  the  pretest/posttest  instrumentation. 
Pretest/Posttest 

As  with  all  previous  units,  the  test  questions  were  initiated  at  CORD  by  the  content  specialists. 
In  a  collaborative  process  between  ovaluators  and  content  specialists,  the  original  45  questions 
were  pruned  and  revised  to  the  eventual  25  questions.  Each  item  is  tied  as  directly  as  possible  to 
a  specific  objective  from  Unit  8.  The  item/objective  match  is  not  always  exact.  It's  impossible  to 
match  '*'^nis  to  some  objectives  because  of  the  v/ay  tho<?e  objectives  a^e  wc-ded  ("recognize," 
"define,-  etc.).  It's  important  to  remember  that  the  instrument  is  attempting  to  measure 
manifestations  of  learning,  and  that  approximations  objectives  are  often  the  best  that  cognitive 
test  developers  can  do.  With  only  25  items,  not  all  objectives  could  be  tested.  Therefore, 
objectives  had  to  be  sampled.  Generally,  priorities  for  this  sampling  were  based  on  the  relative 
importance  of  the  concepts.  (Appendix  C  lists  the  objective  each  item  is  intended  to  address 
above  the  item.) 

So  is  it  a  -good-  test?  Generally,  instruments  are  judged  based  on  reliability  (consistency, 
accuracy,  dependability)  and  validity  (roughly,  is  It  measuring  what  you  think  it's  measuring?).  On 
the  Spearman-Brown  Test  of  internal  consistency,  the  reliability  of  this  instrument  is  .88,  which  is 
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acceptable  by  most  standards.  Validity  is  a  bit  more  complicated  to  judge.  Readers  are 
encouraged  to  make  their  own  judgments  about  the  validity  of  the  instmment.  Pertinent 
questions  Include: 

1)  Do  the  items  adequately  address  the  intended  objectives? 

2)  Is  a  sufficient  ranj^e  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  8*s  instruction? 

It  should  be  pointed  out  that,  in  examining  the  pretest/posttest  results  for  each  of  the  first 
seven  units,  the  developers  and  evaluators  encountered  a  few  items  in  each  unit  (no  more  than 
three  per  unit)  that  they  considered,  for  various  reasons,  to  be  poor  items.  Of  course  there  is 
always  wisdom  in  hindsight.  Ideallv,  each  of  these  instmments  would  itself  be  pilot  tested. 
However,  the  project's  schedule  precludes  the  luxury  of  pilot  testing  the  instmmentation.  Thus, 
&  V  I  with  careful  planning,  it*s  inevitable  that  a  few  poor  items  will  be  included  in  each  test. 
Student  Questionnaire 

The  student  questionnaire  (Appendix  E)  was  expanded  from  the  one  that  was  used  for  Units  1- 
7.  The  questionnaire  has  a  series  of  items  on  students*  reactions  to  the  objectives,  content, 
video,  text,  and  labs;  the  difficulty  of  the  unit;  and  students*  overall  satisfaction  with  the  uni* 

Additionally,  for  Unit  8,  students  responded  to  a  series  of  itenns  about  their  backgrounds  and 
future  plans  (these  findings  will  be  detailed  in  a  separate  report).  Although  the  expanded  student 
questionnaire  no  doubt  takes  more  precious  time  to  administer,  the  staff  felt  that  the  additional 
Information  could  provide  better  insights  Into  student  reactions  to  the  course. 
Teacher  Questionnaire/Unit  Daily  Log 

Two  distinct  kinds  of  information  must  be  collected  from  the  teachers.  First,  it's  important  that 
they  indicate  their  overall  reactions  to  the  unit.  Additionally,  it's  important  that  they  give  their 
detailed  reactions  to  each  day  of  instruction,  particularly  noting  problems  or  errors  in  the  materials. 
To  meet  these  dual  needs,  teachers  completed  both  a  teacher  questionnaire  (Appendix  F)  and  a 
unit  dally  log  (Appendix  G).  The  teacher  questionnaire  was  revised  from  those  that  were  used  for 
Units  1-7.  The  questionnaire  has  a  series  of  iterriS  on  teachers*  reactions  to  the  objectives,  the 
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instojctional  activities,  and  the  content,  and  on  their  instructional  planning.  Although  several 
itenis  from  the  firsi  year 's  instiajment  remain,  several  new  items  were  added.  The  unit  daily  log  is 
essentially  the  same  as  that  used  for  Units  1  -7,  although  it  was  sent  as  a  separate  instmment  to 
make  it  easier  for  teachers  to  complete  on  a  regular  basis;  for  Units  1  -7  it  was  merely  attached  to 
the  teacher  questionnaire. 

Thus,  the  project  is  using  the  same  kinds  of  instrumentation  for  year  two  as  it  did  for  year  one  of 
the  pilot  test.  However,  significant  revisions  of  some  of  the  instmments,  notably  the  teacher  and 
student  questionnaires,  should  produce  information  that  better  addresses  the  overall  goals  of  the 
pilot  test. 
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SAMPLE 


The  sample  Included  215  students  in  13  sites.  Student  characteristics  included: 

•  Grade^ 

10  =  1%  11=  20%  1 2  =  79%  (Since  it's  year  two  of  the  course,  it's  certainly  not  surpris.  j 
that 

the  majority  of  students  are  in  grade  twelve.) 
•Sex 

Male  =  84%  Female  =  16% 
Teacher  characteristics  included: 

•  Physics  background^ 

As  with  previous  units,  there  was  a  wide  range  in  the  teachers'  physics  backgrounds;  18% 
reported  no  college  physics  courses;  27%  reported  one  college  physics  course;  37% 
reported  2-4  college  physics  courses;  9%  reported  5-7  college  physics  courses;  and  9% 
reported  eight  or  more  college  physics  courses. 

•  Mathematics  background 

All  teachers  reported  having  had  two  or  more  college  mathematics  courses;  several  (27%)  have 
had  five  or  more  college  mathematics  courses. 

•  Teaching  pattern 

The  majority  (63%)  taught  Unit  8  on  consecutive  days.  Most  (82%)  taught  sessions  that  were 
60  minutes  or  shorter.  About  a  third  (36%)  indicated  they  had  combined  classes  into  one 
session. 

•  Preparation  Time 

The  average  amount  i  f  time  teachers  indicated  they  spent  in  preparing  each  lesson  for  the  unit 
was  60  minutes,  with  a  range  from  30  to  120  minutes. 

The  sanrple  for  Unit  8  was  actually  larger  than  that  for  Unit  7.  The  reason  is  probably  thax  the 
data  for  Unit  8  were  analyzed  later  than  was  originally  planned.  The  project  schedule  did  not 
permit  this  flexibility  for  Unit  7.  The  numbers  of  both  students  and  sites  are  smaller  for  both  Units  7 
and  8  than  they  were  for  year  one  of  the  pilot  test.  For  the  purposes  of  the  pilot  test,  there 


^Due  to  missing  data,  the  pi'etst/posttest  student  demographics  don't  match  the  student  attitude 
demographics. 

2To  save  valuable  teacher  time,  the  teacher  questionnaire  no  longer  contains  items  on  the 
teachers*  physics/mathematics  backgrounds.  The  data  reported  below  are  from  the  Unit  7  data 
base;  since  the  sample 

has  stabilized,  these  data  should  remain  accurate  for  year  two. 


remains  a  large  enough  sample  to  make  judgments  about  the  materials.  Deyond  the  pilot  test,  it's 
probably  reasonable  to  expect  that  year  two  enrollment  will  usually  be  less  than  year  one 
enrollment.  Many  factors,  such  as  student  graduation,  scheduling  conflicts,  school  dropouts,  snd 
changes  in  career  plans,  will  likely  result  in  lower  year  two  enrollments. 
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PRETEST/POSTTEST  RESULTS 


Several  different  analyses  of  the  pretest/posttest  have  been  conducted.  The  reader  should 
keep  in  mind  that  all  reported  numbers  are  mean  scores  on  the  test,  which  contained  25  items. 

•  Mean  differences 

The  overall  pretest  mean  was  1 1 .9.  The  overall  posttest  mean  was  1 8.9.  This  increase  was 
statistically  significant  (conrelated  t-  test)  at  the  .01  level. 

The  level  of  statistically  significant  learning  gain  (.01)  is  consistent  with  the  gains  shown  for 
Units  1-7.  Table  1  compares  the  pretest/posttest  scores  for  Units  1-8. 

Thus,  Units  1 , 4, 5,  and  6  had  fairly  consistent  pretest-to-posttest  leaming  gains  measured  in 

percentage  of  correct  answers.  Learning  gains  for  Units  2, 3,  and  7,  while  somewhat  lower,  were 

stil!  statistically  significant.  With  Unit  8,  students  had  both  the  highest  posttest  score  of  any  unit 

(76%)  and  the  greatest  mean  gain  from  pretest  to  posttest  (28%).  These  Undings  probably  bode 

well  for  both  the  Unit  8  mate  ^a  and  the  caliber  of  students  who  returned  for  year  two  of  the  pilot 

test. 

Individual  Items 

For  each  unit  the  project  team  has  established  criteria  for  acceptable  performance  cn  each  test 
item.  These  criteria  included  either: 

1 )  70%+  correct  on  an  item,  or 

2)  doubling  of  the  pretest  score  on  the  posttesL 

Only  five  Unit  8  items  failed  to  meet  these  criteria.  This  is  the  best  item-by-item  performance  of 
the  entire  pilot  tesL  The  items  that  did  not  meet  the  criteria  were  items  4, 6, 8, 23,  and  25.  Items 
4, 6, 23,  and  25  are  mathematics-related  items   students  are  required  to  manipulate  a  formula  to 
solve  a  problem.  Mathematics-related  items  have  proved  the  most  troublesome  to  students  in  the 
past.  Item  8,  however,  deals  with  a  basic  concept  of  the  unit  -  momentum.  It's  disappointing  to 
note  that  about  a  third  of  the  students  (30%)  thought  that  momentum  tells  us  wosWy  about  the 
potential  energy  the  object  has.  Perhaps  the  test  item  itself  is  weak.  Nonetheless,  the  coverage 
of  the  content  In  the  material  should  be  closely  examined.  It  should  also  be  noted,  however,  that 
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several  other  items  on  the  test  dealt  with  momentum  and  students  met  the  criteria  on  each  of 
these  items. 

With  so  few  items  that  failed  to  meet  the  criteria,  it's  not  surprising  to  note  that  students 
performed  satisfactorily  on  the  majority  of  items  for  each  of  the  subunits.  There  was  no  subunit 
that  seemed  to  cause  the  students  particular  problems.  This  is  the  first  time  in  the  pilot  test  that 
students  met  the  criteria  for  a  majcrity  of  items  in  each  subunit. 

Thus,  the  pretest/posttest  results  for  Unit  8  were  the  most  positive  for  any  of  the  eight  units 
that  have  been  pilot  tested.  Students  had  the  highest  mean  posttest  score  (76%)  and  the 
highest  mean  gain  from  pretest  to  posttest  (28%),  and  they  failed  to  meet  the  criteria  on  the 
fewest  number  of  items  (5).  Although  these  are  all  quite  positive  findings,  they  probably  indicate 
as  much  about  the  quality  of  the  students  in  the  second  year  of  the  pilot  test  as  they  do  about  the 
quality  of  the  materials  themselves.  It  seems  reasonable  to  assume  that  the  students  who 
returned  for  year  two  of  the  course  are  likely  to  be  more  motivated  students  who  perhaps  have 
better  academic  backgrounds  than  those  who  do  not.  They  also  may  be  benefiting  from  their 
collective  experiences  in  the  first  year  of  the  course.  In  a  fomiative  evaluation,  however,  these 
results  suggest  that  Unit  8  has  no  major  problems.  Further,  if  one  accepts  some  of  the  above 
assumptions  about  the  quality  of  the  second-year  students,  one  must  conclude  that  when  the 
materials  are  used  with  these  kinds  of  students,  the  results  are  certainly  impressive. 
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Table  1 
Principles  Technology 
Pretest  and  Posttest  Scores,  Units  1-8 


Pretest  Mean  Posttest  Mean 

Unit  Number  of  Items  (%  correct)  (%  correct) 

1  30  12.5(41%)  20.1  (67%) 

2  33  13.6(41%)  17.6(53%) 

3  30  14.9(49%)  19.4(65%) 

4  36  16.4(46%)  24.4(68%) 

5  35  13.2(38%)  22.6(65%) 

6  30  11.5(38%)  18.3(61%) 

7  34  13.2(39%)  19.9(59%) 

8  25  11.9(48%)  18.9(76%) 
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PRETEST/POSTTEST  BY  SELECTED  VARIABLES 


For  all  previous  units,  the  impact  of  several  variables  on  students'  test  performance  was 
examined,  including: 


1)  Student  characteristics 

a)  sex 

b)  grade 

2)  Teaching  pattern 

a)  consecutive  days 

b)  length  of  class  periods 

c)  combined  activities 

3)  Teacher  background 

a)  physics  bacI<ground 

b)  mathematics  bacl<ground 

However,  the  smaller  year  two  sample  precludes  making  the  comparisons  among  teacher 
background  and  teaching  pattern;  there  are  simply  too  few  teachers  in  these  various  conditions  to 
make  reliable  comparisons.  So,  the  only  valid  comparisons  are  those  comparing  the  student 
characteristics  of  sex  and  grade.  These  variables  were  analyzed  with  an  analysis  of  covariance, 
which  controlled  for  pretest  scores.  Table  2  examines  the  results  of  this  analysis;  the  mean  scores 
reported  in  Table  2  are  for  the  posttest. 


Table  2 

Level  of 

M2ilL£flfiCt                            SfqnificgnCQ                      Subset  Mean  Score 

Sox                                      .777                            Male  (83)  18.83 

Female  (21)  '  14.86 

Grade                                    .096                            Tenth  (2)  21.00 

Eleventh  (25)  17.44 

Twelfth  (87)  19.41 


As  Table  2  illustrates,  neither  students*  sex  nor  <jrade  had  a  statistically  significant  effect  on 
their  performance  (even  at  a  level  of  .05,  which  is  more  liberal  than  the  .01  level  the  project  has 
established  as  its  target). 
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PRETEST/POSTTEST  RESULTS  BY  SITE 

Appendix  D  indicates  the  pretest/posttest  results  by  site.  Twelve  sites  showed  statistically 
significant  (.01  level)  increases;  one  site  showed  no  statistically  significant  gain.  Table  3  examines 
the  number  of  sites  showing  no  statistically  significant  gains  for  each  of  the  first  eight  units. 

Table  3 


JM  Sites  showing  no  significant  gains 

1  1 

2  4 

3  4 

4  0 

5  1 

6  3 

7  1 

8  1 


Again,  these  results  must  be  interpreted  cautiously.  The  reduced  number  of  sites  makes 
comparisons  across  units  difficult  to  make.  Nonetheless,  it  is  encouraging  'o  note  that  only  a 
single  site  showed  no  significant  gain  for  Unit  8. 


15 


STUDENT  ATTITUDE  FINDINGS 

As  discussed  earlier  in  this  report  (see  the  instrumentation  section,  pages  6-8),  the  student 
attitude  questionnaire  was  completely  revised  for  year  two  of  the  pilot  test.  Very  little  was  retained 
from  the  questionnaire  that  was  used  during  year  one  of  the  project.  The  new  questionnaire  (see 
Appendix  E  for  questionnaire  and  frequencies  of  student  responses)  was  revised  with  input  from 
consortium  representatives  and  teachers  who  met  in  Dallas  and  with  significant  assistance  from 
staff  of  the  National  Center  for  Research  in  Vocational  Education  in  Columbus,  Ohio. 

The  new  questionnaire  contains  a  series  of  items  for  each  of  several  categories.  The 
categories  include  students'  reactions  to  the  unit's  objectives,  content,  video,  text,  and  laboratory 
activities;  the  difficulty  of  the  unit;  and  students'  satisfaction  with  the  unit.  Each  category  contains 
a  series  of  statements  to  which  students  respond  using  a  four-point  Likert-type  scale  ("strongly 
agree- to  "strongly  disagree").  The  new  questionnaire  provides  more  information  about  students' 
attitudes  than  the  five-item  questionnaire  that  was  used  during  year  one  of  the  project.  Of  course, 
collecting  nrx)re  information  requires  additional,  valuable  classroom  time,  which  is  the  major 
disadvantage  of  the  new  questionnaire. 

There  are  a  number  of  ways  to  analyze  these  data.  The  simplest  is  to  report  the  frequency  of 
responses  to  each  item.  To  compare  responses  across  categories,  however,  it  helps  to  have  a 
numerical  total  for  each  category.  Since  a  four  point  scale  was  used  (with  four  being  the  .most 
positive  and  one  the  most  negative),  we  can  ardve  at  a  mean  score  of  between  one  and  four  for 
each  statement.  These  mean  scores  can  then  be  added  and  divided  by  the  total  number  of  items 
in  the  category  to  amVe  at  a  mean  score  for  each  category.  Both  the  frequencies  for  each  item  (in 
percentages)  and  a  mean  score  for  each  category  are  reported  below. 
Unit  Objectives 

Generally,  students  indicated  that  they  found  the  unit  objectives  helpful,  f'ost  (90%)  agreed 
or  strongly  agreed  t;.at  the  objectives  helped  ihem  understand  what  they  were  supposed  to 
learn.  Even  more  (94%)  agreed  or  strongly  agreed  that  they  were  glad  the  objectives  were 
printed  In  the  written  r -^terials.  Fewer  (6570)  agrerd  or  strongly  agreed  that  they  used  the 


objectives  lo  guide  them  through  the  material.  The  overall  mean  score  for  the  category  was  3.03. 
(A  perfect  four  is  the  most  positive  score  possible.) 
Unit  Content 

The  majority  of  students  (68%)  disagreed  or  strongly  disagreed  that  the  unit  had  too  much 
infonnation.  Most  students  (80%)  agreed  or  strongly  agreed  that  the  unit  gave  examples  that 
were  helpful  in  understanding  the  concepts.  The  majority  (72%)  disagreed  or  strongly  disagreed 
that  the  content  of  the  unit  was  difficult  for  them  to  understand.  The  majority  (72%)  agreed  or 
strongly  agreed  that  the  content  will  probably  be  useful  in  future  jobs.  The  mean  score  for  the 
category,  with  scoring  of  some  items  reversed  to  adjust  for  negative  wording  (i.e.,  ''strongly 
disagreed**  becomes  a  positive  response  to  a  negative  item),  was  2.82.  Overall,  then,  the  majority 
of  the  students  indicated  that  the  amount  and  difficulty  of  the  material  was  appropriate  for  them. 
However,  nearly  a  third  of  the  students  indicated  that  there  was  perhaps  too  much  information  and 
that  the  information  was  difficult  fortheni  (o  understand. 
Unit  Video 

Most  students  (85%)  agreed  or  strongly  agreed  that  the  video  programs  nelped  them  better 
understand  the  material.  Most  (Sk%)  agreed  or  strongly  agreed  that  the  video  programs  were 
interesting.  Most  (83%)  agreed  or  strongly  agreed  that  they  used  easy  to  understand  graphics. 

And  the  majority  (73%)  agreed  or  strongly  agreod  that  thj  v"deo  prcgra*^:  "^c'pad  thon  to  ach!:j.e 
the  unit  objectives.  The  overall  mean  score  for  the  video  category  was  2.93. 
Unit  Text 

Most  stude^s  (82%)  agreed  or  strongly  agreed  that  the  text  materials  helped  them  achieve  the 
unit  objectives.  Most  (78%)  agreed  or  strongly  agreed  that  the  text  will  be  a  useful  reference  after 
taking  the  course.  The  majority  (64%)  disagreed  or  strongly  disagreed  that  the  text  used 
language  that  was  difficult  for  them  to  understand.  The  majority  (71%)  agreed  or  strongly  agreed 
that  the  text  had  e'^ough  examples  to  help  them  understand  the  important  concepts;  even  more 
(77%)  agreed  or  strongly  agreed  that  the  text  helped  them  understand  the  unit  concepts.  The 
overall  mean  score  for  the  text  category  was  2.83. 


Laboratory  Activities 

The  majority  of  students  (74%)  agreed  or  strongly  agreed  that  the  lab  activities  helped  them 
achieve  the  unit  objectives.  The  iiiajority  (65%)  disagreed  or  strongly  disagreed  that  the  lab 
activities  were  difficult.  The  majority  (58%)  agreed  or  strongly  agreed  that  the  time  periods  were 
not  long  enough  to  complete  the  work.  The  overall  mean  score  for  the  category  was  2.83.  It's 
interesting  to  note  that  the  majority  of  students  indicated  that  the  time  periods  were  not  long 
enough  to  complete  the  lab  work,  which  is  what  the  teachers  also  have  been  indicating  in  their 
comments. 
Unit  Difficulty 

Almost  half  (47%)  indicated  that  some  of  the  things  they  were  expected  to  learn  were  just  too 
hard.  And  almost  half  (40%)  agreed  or  strongly  agreed  that  they  had  trouble  reading  the  unit  text. 
The  overall  mean  score  for  the  lab  category  was  2.58. 
Student  Satisfaction 

The  majority  (53%)  agreed  or  strongly  agreed  that  they  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day.  Few  (19%)  agreed  or  strongly  agreed  that  they  did  not  like  coming  to 
class.  And  the  majority  (78%)  indicated  that  they  would  recommend  the  class  to  thair  friends.  The 
overall  mean  score  for  the  category  was  2.85. 

Table  4  shows  the  mean  scores  bv  category. 


In  examining  Table  4,  it's  important  to  remember  that  scores  of  3  and  4  are  the  preferred 
responses.  To  interpret  these  data,  it's  Important  to  look  at  both  the  mean  scores  for  each 
category  and  the  frequency  of  responses  to  tie  individual  items  for  each  category.  What  does 


Table  4 


Categqry 


Mean  Score  for  Catego/v 


Unit  objectives 
Unit  content 
Unit  video 
Unit  text 
Unit  labs 
Unit  difficulty 
Student  satisfaction 


3.03 
2.82 
2.93 
2.83 
2.33 
2.58 
2.85 


such  an  analysis  reveal?  Clearly,  students  are  positive  about  the  unit  objectives.  They  also  are 
fairly  positive  about  the  unit  content,  videos,  text,  and  lab  activities.  However,  both  the  category 
mean  score  and  the  frequencies  for  the  individual  items  dealing  with  thedifficutly  of  the  unit 
indicate  that  more  than  a  third  of  the  students  had  trouble  reading  the  text  and  thought  that  some 
of  the  things  they  were  expected  to  learn  were  too  hard.  Nonetheless,  most  students  also 
indicated  an  overall  sense  of  satisfaction  with  the  unit. 
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TEACHER  RESULTS 

Questionnaires  were  received  from  sixteen  teachers.  As  mentioned  earlier  in  this  report  (see 
the  instrumentation  section,  pages  6-8),  the  teacher  questionnaire  was  revised  substantially  from 
the  questionnaire  that  was  used  during  year  one  of  the  project.  Although  many  of  the  year  one 
items  were  maintained,  new  items  similar  to  those  used  for  the  student  attitude  questionnaire 
were  added.  These  items  focus  on  the  teachers'  reactions  to  the  objectives,  the  instmctional 
activities,  and  the  level  of  difficulty.  The  unit  daily  log,  with  few  nwdifications  from  the  one  that  was 
used  during  year  one  of  the  project,  was  also  part  of  the  teacher  instrumentation.  The  findings 
reported  below  include  both  the  teacher  qut^^tionnaira  and  the  unit  daily  log.  Appendices  F  and 
G,  which  list  the  detailed  teacher  comments,  should  be  examined  carefully.  The  wealth  of  data 
contained  in  these  comments  is  difficult  to  encapsulate.  Overall,  the  teacher  findings  were  as 
follows: 

The  teachers  unanimously  affirmed  the  worth  of  the  unit  objectives.  All  agreed  or  strongly 
agreed  that  the  objectives  assisted  them  in  assessing  student  progress,  that  the  objectives 
helped  them  determine  what  to  teach,  and  that  the  objectives  were  presented  in  a  logical  order. 
Almost  all  teachers  also  indicated  that  the  objectives  reflected  what  the  unit  was  designed  to 
teach.  (Because  so  few  teachers  responded,  these  data  were  not  examined  by  mean  scores 
based  on  the  four-point  scale  as  were  the  student  attitude  data.) 
Unit  Instructional  Activities 

All  teachers  indicated  that  the  unit  instmctional  activities  were  related  to  the  unit  objectives  and 
that  the  activltit  were  presented  in  the  correct  sequence.  However,  a  quarter  of  the  teachers 
(25%)  indicated  that  the  reading  level  of  the  instmctional  activities  was  too  difficult  for  most  of  their 
students. 
Unit  Content 

Most  teachers  (75%)  disagreed  or  strongly  disagreed  thai  the  unit  content  was  too  detailed. 
Most  (78%)  thought  the  material  was  presented  at  the  proper  level  of  difficulty.  Even  more  (87%) 
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thought  it  contained  examples  that  were  helpful  to  students  in  their  understanding  of  unit 
concepts.  However,  a  third  (33%)  of  the  teachers  thought  the  content  did  not  contain  enoug'.i 
examples  and  did  not  provide  enough  summaries  of  important  points.  Finally,  most  (80%) 
indicated  they  thought  the  content  provided  information  that  will  be  useful  for  students  in  their 
future  employment. 
Teacher  Comfnr^f 

Three  teachers  (31%)  indicated  that  they  did  not  feel  comfortable  teaching  the  material  in  the 
Momentum  unit.  One  was  uncomfortable  because  the  lab  equipment  was  not  available,  another, 
because  he  did  not  have  a  background  in  this  area,  and  a  third,  because  he  was  not  used  to  the 
concept  of  eJugs  as  a  unit  of  mass, 
lima 

The  majority  {e'9%)  indicated  that  the  six-day  plan  of  SO-minu'^e  class  sessions  per  subunit  is  a 
realistic  time  allotment  for  Unit  8.  One  teacher  reported  that  some  of  the  hands-on  labs  required 
more  than  50  minutes  to  set  up,  conduct,  and  discuss.  This  is  consistent  with  the  findings  for  the 
first  seven  units. 
Student  homework  assignments 

About  a  third  (31%)  indicated  that  half  or  less  than  half  their  students  typically  completed  the 
homewori<  assignments  for  the  unit.  Interestingly,  even  more  (3b%}  Indicated  that  fewer  than  half 
their  students  typically  completed  their  homework  assignments  for  other  courses  that  they  teach. 
It  seems  that  students*  completion  of  hom:)work  assignments  is  probably  af.'octed  more  by  the 
students'  nrwtivation  than  by  the  nature  of  the  materials. 
Teacher's  guide 

The  majority  of  teachers  (75%)  thought  the  teacher's  guide  provided  them  with  enough 
infonnation  to  successfully  implement  the  unit.  A  few  teachers  thought  some  of  the  problems 
needed  more  explanation  id  the  text. 


Appropriateness  fnr  sturifints 

Generally,  teachers  tended  to  Indicate  that  each  day  of  instruction  was  appropriate  for  their 
students. 
Problems 

To  the  question.  **What,  if  anything,  caused  you  the  most  problems  in  teaching  the  unit  on 
MOMENTUM?-  ten  teachers  responded.  The  problems  reported  include: 

-  Hands-on  labs,  lack  of  equipment,  etc.  (seven  teachers) 

-  Maf'^ematics  and  mathematics  formulas  (three  teachers) 

-  The  concept  of  momentum  being  zero  (one  teacher) 

These  findings  are  consistent  with  those  teachers  reported  for  Units  1-7.  Availability  of 
equipment  for  the  hands-on  labs  continues  to  cause  teachers  the  most  problems.  On  the  other 
hand,  teachers  continue  to  affirm  the  appropriateness  of  most  of  the  material  for  their  students, 
and  most  of  them  felt  the  material  was  pr^^sented  at  the  proper  level  of  difficulty.  Finally,  many 
specific  recommendations  for  changes,  including  c^ors  In  the  text,  are  contained  in  the  teacher's 
comments.  Overall,  the  teachers  tended  to  be  fairly  positive  about  Unit  8. 
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CONCLUSIONS 


It  Is  Important  to  remember  that  the  entire  pilot  test  is  part  of  the  overall  formative  evaluation 
process.  Data  are  being  collected  from  the  consortium  review  feam,  consortium  representatives, 
and  from  teachers  and  students  at  the  pilot  sites.  These  data  are  then  used  as  a  basis  for  making 
revisions  In  the  materials. 

Certainly,  \heu,  this  report  contains  much  useful  Information. 


1)  Overall,  a  statlslicaliy  significant  (.01  level)  leaming  gain  took  place.  These  learning  gains 
were  Independent  of  stizdents*  sex  and  grade.  Students  had  both  the  highest  posttest 
score  (76%)  and  the  highest  mean  gain  from  pretest  to  posttest  (28%)  for  any  unit  of  the 
pilot  test. 

2)  Students  performed  most  poorlj'  on  items  dealing  with  mathematics,  as  they  did  for  the  first 
seven  units.  Students  failed  to  meet  the  project  criteria  for  only  five  items,  the  fewest  for 
any  unit  so  far  in  the  pilot  test. 

3)  Student  attitudes  were  generally  positive,  especially  about  the  value  of  the  unit  objectives. 
They  \  ^ere  also  positive  about  the  unit  videos,  text,  labs,  and  overall  content.  However, 
about  a  third  of  the  students  indicated  that  they  had  trouble  reaJing  the  text  material  and 
thought  some  of  the  things  they  were  expected  to  leam  were  too  hard.  Nonetheless,  most 
students  also  Indicated  an  overall  sense  of  satisfaction  with  the  unit. 

4)  Teachers  affirmed  the  appropriateness  of  most  of  the  material  for  their  students.  Like  their 
students,  teachers  also  affirmed  the  value  of  the  Instnjctlonal  objectives.  However,  a  few 
teachers  found  the  reading  level  of  the  Instructional  activities  too  difficult  for  most  of  their 
students.  A  few  also  thought  the  content  did  not  contain  enough  examples  and  did  not 
provide  enough  summaries  of  Important  points. 

^)  Teachers'  comments  Indicated  that  the  most  problems  were  encountered  with  the  hands- 
on  labs.  This  is  consistent  with  the  findings  for  the  first  seven  units.  It  should  be  pointed 
out  that  most  of  the  problems  reported  were  with  simply  getting  the  equipment.  Once 
teachers  have  the  equipment,  most  of  the  labs  seem  to  work  satisfactorily. 

b)  Although  the  teachers  were  generally  quite  positive  about  the  unit,  they  did  recommend 
several  specific  changes,  which  can  be  found  in  their  attached  comments. 

Thus,  In  some  respects  the  Unit  8  data  mre  even  more  positive  the  than  data  for  the  previous 

seven  units.  Both  students*  posttest  scores  and  the  percentage  gain  from  pretest  to  posttest 

were  higher  than  for  any  previous  unit.  Although  teachers  pointed  out  several  errors  In  the 

materials,  their  major  complaint  conllnues  to  be  problems  with  the  availability  of  lab  equipment. 
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Appendix  A 
Partlc'op'jng  Agencies 


Alabama  State  Department  o  zducatior 
Division  of  Vocational  Educauon 

Alaska  Department  of  Education 

Alberta  Educrition 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 
Vocational  and  Technical  Education  Division 

Calif omla  State  Department  of  Education 
Division  of  Vocational  Education 

Colorado  Slate  Board  for  Vocational  Education 

Delawaxe 

New  Castle  County  Vocational-Technical 
School  District 

Florida  Department  of  Education 
Division  of  Vocational  Education  and  Office 
of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
Office  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Educaiion 
Department  of  Adult,  Vocational  and 
T^cUuicai  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Department  of  Public  Instruction 
Career  Education  Division 

Kansas  State  Department  of  Education 
Comrnunity  College  and  Vocational  Education 
Division 

Kentucky  Department  of  Education 
Division  cf  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 
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Maine  State  Department  of  Educational  and 
CultunI  Services 

Bureau  of  Vocational  Education/Division 

of  Progranri  Services 

Maryland  State  Department  of  Education 
Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intermediate  School 
District  916 

Mississippi  State  Department  of  Education 
Vocational-Technical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Mebraska  Department  of  Education 
Division  of  Vocational  Education 

New  Mexico 
A  consortiunri  of  school  districts 

North  Carolina  State  Department  of  Public  Instojction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  Education 
Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

TVOntario 

Tennessee  State  Department  of  Education 
Division  of  Vocational  Education 

Oregon  Department  of  Education 
Division  of  Vocational  Education 

Penn$^  vania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

South  Carolina  Department  of  Education 
Office  of  Vocational  Education 

Utah  State  Office  of  Education 

Vermont  State  Department  f  Education 
Divisir.n  of  Adult  and  Vocational-Technical 
Education 
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^/irginia  Department  of  Education 

West  Virginia  State  Department  of  Education 
Bureau  of  Vocational,  Technical  ani  Adult 
Education 

Wisconsin  Department  of  Public  Instruction 
Bureau  for  Vocational  Education 


Appendix  B 
Content  Review  Team 


Jon  Buschke 
TechnicaJ  Instructor 
Intel  Corporation 
Chandler,  Arizona 

Dick  Casse! 

Office  of  Press  and  Communications 
Pennsylvania  Department  of  Education 
Harrisbung,  Pennsylvania 

Dr.  Joe  Exiine 

Associate  Director  of  Science 
Virginia  Department  of  Education 
Richmoncl,  Virginia 

Dr.  Darrell  Parks,  Director 
Clyision  of  Vocational  Education 
Ohio  Department  of  Education 
Columbus,  Ohio 

Robert  Patton 

Coordinator  of  Instmctional  Materials  Center 
Oklahoma  Department  of  Education 
Stillwater,  Oklahoma 

Dr.  Philip  Rollain 
Project  Coordinator 

No»th  Carolina  Department  of  Public  Instruction 
Raleigh,  North  Carolina 

Margaret  Sentif 
"^^acher 

Hinds  Junior  College 
Rankin  Center 
Pearl,  Mississippi 

Don  Torney 

Superintendent  of  Youth  Programming 

TVOntario 

Toronto,  Ontario 

Jim  Wilson 

Assistant  Superintendent 
Francis  Tuttle  Area  VOTech  Center 
Oklahoma  City,  Oklahoma 
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Appendix  C 
Student  Test 


Eta  Eflsl 

1MF-1 

1.  Momentum  vector  quantity. 

"75     77  ♦  a.  is 

18  21  b.  is  not 

IMF -3 

2.  A  hydraulic  cylinder  piston  rod  of  mass  0.25  slugs  moves  out  at  a  rate 
of  1.2  feet/sec  to  push  boxes  across  a  conveyor  beit  holding  a  table. 
The  linear  momentum  of  the  rod  is: 

54  80  *  a.  0.3  slug-ft/sec 
28  11  b.  3.0  slug-ft/sec 
15      6             0.  6.6  slug-ft/sec 

d.  9.6  slug*ft/sec 

1MF-5,1MF-6 

3.  The  linear  impulse  of  a  1 0  lb  force  acting  on  an  object  for  5  seconds  is 

 a  linear  impulse  of  a  5  lb  force  acting  on  the  same  object  for  1 0 

seconds. 

19  6  a.  greater  than 

14  4  b.  less  than 
65     86          *  c.  equal  to 

1MF-C 

4.  A 1500  lb  force  brings  a  tmck  to  a  stop  in  30  seconds  on  a  straight  loac. 
The  tmck  experiences  a  change  in  velocity  of  80  ft/sec  during  the  time 
the  force  is  applied.  Find  the  mass  of  the  tmck.  [Hint:  use  the  relation- 
ship F(At)  =  m(Av)] 

18  9  a.  562.5  kg 

45  63  *  b.  552.6  slugs 

28  16  c.  3,600,000  kg 

9  12  d.  3,600,000  slugs 

0-1 

5.  Linear  momentum  is  equal  {o  an  object's  mass 

117  a.  times  its  displacement. 

15  -  b.  divided  by  its  displacement. 

55  89  0.  times  its  velocity. 

18      4  *  d.  divided  by  ^''"»  velocity. 


Pre  Post 


1MF-7 

6.  When  a  hydraulic  cylinder  is  activated  for  5  seconds,  the  piston  applies 
a  force  of  80  Newtons  to  the  rod  during  that  time  period.  The  change  in 
linear  morn^ntum  of  the  fluid  moved  is  (impulse  equals  change  in  mo- 
mentum) 


21  18  a.  16kg-m/sec 

21  11  b.  64kg.m/sec 

12  4  *  c.  85kg.in/sec 

46  68  d.  400kg-m/sec 


9 

7 

a. 

14 

5 

b. 

73 

88 

*  c. 

0-1 

8.  An 

26 

30 

a. 

55 

64 

*  b. 

13 

1 

c. 

5 

4 

d. 

1MF-9 

7.  A  50  kg  girl  stands  in  a  row  boat  near  a  river  Dank.  The  boat  and  girl  are 
initially  at  rest.  The  giil  jumps  from  the  boat  to  the  bank  with  a  speed  of 
2  nn/sec.  Conservation  of  momentum  teils  us  that 

the  boat  remains  perfectly  still, 
the  boat  moves  in  the  same  direction  as  the  girl, 
the  boat  moves  in  the  opposite  direction  to  the  girl  with  a  momentum 
of  100  kg-m/sec. 


the  potential  energy  the  object  has. 
the  amount  of  motion  the  objec'  has. 
the  physical  size  of  the  object, 
the  specific  gravity  of  tho  object. 

0-2 

9.  Which  of  the  following  will  give  you  the  full  and  correct  information  about 
a  rotating  object's  annular  momentum? 

25  9  a.  mass  and  angular vetocity 

41  75  *  b.  moment  of  inertia  and  angular  velocity 

17  14  c.  mass  and  radius. 

17  2  d.  I'nearnrwmentum  and  specific  gravity 

0-2, 2MF-1 

1 0.  Angular  momentum  Is  equal  to  a  rotating  object's 

32     13  a.  mass  times  its  angular  velocity 

216  b.  mass  divided  by  its  angular  velocity 

'/8      5  c.  mass  times  its  radius  squared 

27  76  *  d.  moment  of  inertia  times  its  angular  velocity 

1MF-9 

37     72  *a.  Ixw 

28  21  b.  mxl 
22  5  c.  m+l 
12      2  d.  inr2 
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0-5 

1 2.  The  law  of  conservation  of  momentum  tells  us  that  In  an  isolated  system 


*  a.  the  total  momentum  before  an  interaction  equals  tha  total  rrxDmentum 

after  the  interaction. 

b.  the  velocity  before  an  interaction  equals  the  velocity  after  the  inter- 
action. 

0.  the  kinetic  energy  before  an  interaction  equals  the  kinetic  energy  after 
the  interaction. 

d.  the  total  momentum  before  an  interaction  never  equals  the  total 
momentum  after  the  interaction 

0-4 

13.  In  mechanical  systems,  a  large  reduction  in  momentum  is  t  :Donfiplished 
without  damage  to  the  nfiachinery  by 

a.  applying  a  large  stopping  force  for  a  short  time. 

*  b.  reducing  the  momentum  to  zero  in  the  largest  possible  time. 

c.  slowing  down  the  machiiiery  in  the  shortest  possible  time. 

d.  reducing  the  momentum  to  zero  in  the  shortest  possible  time. 

In  the  following  four  statements,  match  the  lettered  phrases  on  the  right  with 
the  correct  numberec?  definition  on  the  left.  On  your  answer  sheet,  fill  in  the 
blank  with  the  letter  of  the  phrase  that  con^esp  nds  to  the  numbered  defini- 
tion. 

1MF.1 

14.  d  Increases  whenever  the  mass 
and  speed  of  an  object  increases. 

1MF-4 

15.  £.Causes  changes  in  the  linear 
momentum  of  an  object. 

1MF-5 

16.  tLAre  English  units  for  linear 
momentum. 

'yiF-2 

1 7.  £LAre  Si  units  for  linear  momentum. 

In  the  following  four  statements,  match  the  lettered  phrases  on  the  right  with 
the  correct  numbered  definition  on  the  left.  On  your  answer  sheet,  fill  in  the 
blank  with  the  letter  of  the  phrase  that  corresponds  to  the  numbered  defini- 
tion. 

1MF-4 

1 8. 12  A  baseball  bat  applies  z  force  (F)  a. 
on  a  baseball  for  a  time  (^). 

b. 

1MF-4 

1 9.  d  A  wheel  balance  machine  applies  c. 
a  torque  (T)  to  the  rim  of  a  wheel  for 
a  time  (At).  d. 


a.  kg^m/sec 

b.  slun.ft/sec 

c.  linear  impulse 

d.  linearnwmentum 


change  in  linear  momentum 
linear  impulse 

change  in  angular  momentum 
angular  impulse 


Pre  Post 
53  71 


44  77 


8 
25 
35 
31 


22 
38 
33 
7 


21 
38 
26 
15 


18 
40 
19 
22 


5 

17 
13 
66 


13 
21 
61 
6 


11 
71 
13 
4 


3 
67 
14 
15 


2MF-3 

20.  fi  A  wheel  of  jnoment  of  Inertia  (I)  changes 
its  angular  speed  from  zero  radians  per 
second  to  66 1'adians  per  second. 


a.  change  in  linear  momentum 

b.  linear  impulse 


2MF-5  c.  change  in  angular  momentum 

21 . 3  A  baseball  of  mass  (m)  changes  Its  speed 

from  zero  feet  per  second  to  132  feet        d.  angular  impulse 

per  second. 

2MF-6 

22.  When  balancing  an  automtbile  wheel  that  is  mounted  on  the  automobile, 
a  30  lb  tangential  force  is  applied  to  the  tread  of  the  tire  for  15  seconds. 
The  tire  and  wheel  have  a  radius  of  1 .5  feet.  The  angular  impulse  of  the 
wheel  is  (Angular  lmpiiUe»Tx  AtwhereT»Fx  r) 


;^OIb 


18" 


a.  3flb.ft)-sec 

b.  300  (lb-ft).sen 

c.  450  (lb^)^ec 

d.  675  (!i>ft)-sec 


2MF-7 

23.  A  steam  turbine  has  a  0.6  m  radius  with  steam  striking  ihe  turbine  blades 
with  a  force  of  1 600  N.  If  the  steam  is  directed  onto  the  turbine  for  60 
seconds,  what  is  the  angular  impulse  of  the  turbine?  leoONewtons 

a.  16(N.m).sec 

b.  960  (N'm).sec 

•  G  57,600  (N.m)^ec 
d.  159,960  (N-m).sec 

1MF-6 

24.  When  a  golf  ball  is  hit,  (he  li'oar  impure  involved  is  the  product  of  the 
force  applied  by  the  club  to  the  ball  and 

a.  the  dir>tance  the  golf  ball  moves. 

*  b.  the  time  the  club  i'  in  contact  with  the  ball. 

c.  the  mass  of  the  golf  bail. 
0.  the  mass  of  the  golf  club. 

2MF-1 

25.  An  electric  motor  shaft  and  rotor  tuming  at  1750  tpm  (183  rad/sec)  has  a 
moment  of  inertia  of  0.14  kg  m^.  The  angular  momentum  of  the  motor 
shaft  is  (Hint:  use  the  equation  Imcm  =  I  x  w) 


a.  2.56  kg^m^/sec 

b.  25.62  kg-m2/sec 

c.  130.7  kg-m^/sec 

d.  245.0  kg.m2/sec 
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Appendix  E 
Student  Attitude  Questionnaire 

All  numbers  in  % 
N  =  215 

Mean  scores  in  parentheses 

Grad^  (12th  =79;  11th  =  20;  10th  =  1) 
Sex  (M  =  84;F=16) 

PURPOSE 

Yoi;r  honest  answers  to  the  questions  on  this  fonn  will  help  improve  this  Principles  of  Technology 
unit  for  other  students.  Your  responses  to  the  follwoing  items  are  appreciated. 

DIRECTIONS 

Below  are  a  list  of  statements.  Please  read  each  statement  and  answer  whether  you  strongly 
agree,  agree,  disagree,  or  strongly  disagree  by  checking  the  appropriate  box.  Place  a  check  mark 
[s]  in  only  one  box  for  each  statement. 


Strongly  Strongly 
Agree    Agree  Disagree  Disagree 


UN!T  OBJECTIVES   (x  =  3.03) 
For  this  unit: 

1.  the  objectives  helped  me  understand  what  I 

was  supposed  to  learn  (x=3.10)  8 

2.  Tm  glad  the  objectives  are  printed  in  the  written 
materials  (x=3.13)  21 

3.  I  used  the  objectives  to  guide  me  through  the 
material  (x  =  2.87)  15 

General  Comments  on  Unit  Objectives: 


UNIT  CONTENT  (x  =  2.82) 
The  content  of  this  unit: 

4.  had  too  much  information  (x  =  2.71) 

5.  feSiVe  examples  helpful  In  understanding 
concepts  (x«2.93) 

6.  was  too  difficult  for  me  to  understand  (x  =  2.82) 

7.  will  probably  be  useful  in  future  jobs  (x  «  2  d2) 
General  Comments  on  Unit  Content: 


82  8  2 

73  5  1 

60         22  3 


9 

23 

56 

12 

17 

63 

16 

4 

8 

21 

54 

17 

21 

51 

20 

8 
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strongly  Strongly 
Agioe   Agree  Disagree  Disagree 


25 

60 

13 

2 

18 

64 

15 

3 

16 

67 

15 

2 

'3)9 

65 

20 

6 

ERLC 


UNIT  VIDEO  (x«2.93) 
The  video  programs  for  this  unit 

8.  helped  ne  to  better  understand  the  text 
material  (x«3.08) 

9.  were  interesting  (x  =  2.97) 
1 G.  used  easy  to  understand  graphics  (x  =  2.97) 

11.  helped  me  to  achieve  the  unit  objectives  (x=2 
General  Comments  on  Unit  Video: 

UNIT  TEXT  (x  =  2,83) 
The  unit  text  materials: 

12.  helped  me  to  achieve  the  unit  obj>o- 

tives  (x  =  2.91)  10         72         17  1 

13.  will  be  a  useful  reference  after  taking 

the  course  (x  =  2.96)  20         58         20  2 

14.  used  language  difficult  for  me  to  under- 
stand (x=  2.68)  8         29        53  10 

15.  had  enough  examples  to  help  me  understand 

the  important  concepts  (x  =  2.80)  10         61         27  2 

16.  helped  me  to  understand  the  unit  con- 
cepts (x  =  2.84)  10         67         20  3 

General  Comments  on  Unit  Text: 

LABORATORY  ACTIVITIES  (x  =  2.77) 
The  nnitlab  activities: 

17.  helped  me  achieve  the  unit  objectives  (x=2.82)  16         58         18  10 

1 8.  Mere  difficult  (x » 2.70)  8         27        52  13 

19.  time  fjsriods  were  not  long  enough  to 

complete  the  work  (x  =  2.81)  17        41         32  10 

20.  in  general,  I  liked  them  (x  =  2.91)  14  65  11  10 
General  Comments  on  Laboratory  Activities: 


34 

57i 


strongly  Strongly 
Agree    Agree  Disagree  Disagree 

UNIT  DIFFICULTY  (x  =  2.58) 
For  this  unit: 

21 .  some  of  the  things  we  were  expected  to 

learn  were  just  too  hard  (x  =  2.49)  14        33        43  10 

22. 1  had  trouble  reading  the  unit  text  mate* 

rials  (x  =  2.68)  6         34         46  1  4 

Genera!  Comments  on  Unit  Difficulty: 


STUDENT  GATISFACTION   (x  =  2.85) 
For  this  unit: 

23. 1  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day  (x  =  2.66) 

24.  I  did  not  like  coming  to  class  (x  =  3.00) 

25. 5  would  recommend  it  to  my  friends  (x  =  2.91) 

General  Comments  on  Student  Satisfaction: 


9 

54 

31 

6 

5 

14 

57 

24 

19 

59 

16 

6 
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Appendix  F 


Teacher  Questionnaire 


All  numbers  in  % 
N«16 

PURPOSE 


of  instructional  activities,  resources,  curriculum  content,  and  instructional  planning  neerjed  to 
accomplish  these  objectives. 

DIRECTIONS 

Below  are  a  list  of  statements.  Please  read  each  statement  and  indicate  whether  you  strongly 
agree,  agree,  disagree,  or  strongly  disagree  by  checking  the  appropriate  box.  Place  a  check  mark 
[Vj  in  only  one  box  for  each  statement. 


Strongly  Strongly 
Agree    Agree  Disagree  Disagree 


UNIT  OBJECTIVES 

The  unit  objectives: 

1.  assist  me  in  assessing  student  progress  44        56  - 

2.  don't  reflect  what  the  unit  is  designed  to  teach     -         7         60  33 

3.  help  me  determine  what  to  teach  44        56  - 

4.  are  presented  in  logical  order  44        56  - 
General  Comments  on  Objectives: 

See  attached  comments 


UNIT  INSTRUCTIONAL  ACTIVITIES 

The  unit  instructional  activities: 

5.  are  related  to  unit  objectives  38        62         -  ~ 

6.  are  presented  ir.     correct  sequence  25        75  - 

7.  require  a  reading  level  that  is  too  difficult 

for  most  students  6         19        50  25 

General  Comments  on  Instructional  Activities: 
See  attached  commants 
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strongly  Strongly 
Agree   Agree  Disagree  Disagree 


UNIT  CONTENT 
The  unit  content: 

8.  was  too  detailed  6         18         63  13 

9.  was  presented  at  the  proper  leve*    difficulty      19        69         6  6 

1 0.  containeo  \3xamples  that  were  helpful  to  students 

in  their  understanding  of  unit  ccn:.«'^pts  27        60  K 

11.  contained  enough  examples  20        47  33 

1 2.  provided  enough  summaries  of  imponant  points  20        47  33 

13.  provided  enough  information  that  will  be  -  lu\ 

for  students  in  their  future  employment  13         67  20 

General  Comments  on  Unit  Content 
See  attached  comments 


PERCEPTIONS  OF  INSTR'JCTIONAL  PLANNING 

14.  On  average,  how  many  hours  did  you  spend  preparing  to  teach  each  lesson  in  this  unit?  (60 
minutes) 

15.  Approximately  how  much  time,  on  average  did  you  expect  students  to  spend  on  homework 
each  day? 

[   JNone  [15]  About  one  hour 

[21]  About  15  mintues  [   ]  Two  hours  or  more 

[64]  About  half  an  hour 

16.  What  percentage  of  students  typically  completed  your  homeviork  a^oignri'sents  for  this  unit? 

[19]  Fewer  than  25%  [31]  50-74% 

[1 3]  26-49%  [37]  75%  and  above 

17.  What  percentage  of  students  typically  completed  your  homework  assignments  for  other 
courses  that  you  teach? 

[  7  ]  Fewer  than  25%  [50]  50-74% 

[29]  26-49%  [14]  75%  and  above 


18.  Do  you  feel  the  teacher's  guide  material  provided  you  with  enough  information  to  help  you 
teach  the  unit? 

[25]  Definitely    [50]  Probably    [12]  Probably  not    [13]  Definitely  not 
If  not,  what  should  be  added  to  the  guide  to  make  it  more  useful? 
See  attached  commentc 

1 9.  Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50-minute  class 
sessions  is  realistic  for  this  unit? 

[19]  Yes,  definitoly  [31]  No,  probably  not 

[50]  Yes,  probably  [    ]  No,  definitely  not 

20.  Overall,  did  you  feel  comfortable  teaching  the  materials  in  this  unit? 

[Oi]  Yes,  definitely  [31]  No,  probably  not 

[38]  Yes,  probably  [    ]  No,  definitely  not 

If  no,  please  explain: 

See  attached  comments 

21.  What,  if  anything,  cau?ed  you  the  most  probloms  in  teaching  this  unit? 
See  attached  comments 

22.  What  did  you  like  the  most  in  teaching  this  unit? 
See  attached  comments 

General  Comments  on  Perceptions  of  Instructional  Planning: 
See  attached  comments 

23.  Did  you  teach  this  unit  on  consecutive  days  for  26  days? 
[63]  Yes    [37]  No 

if  no,  what  pattern  did  you  use  (for  examples,3  days  a  week)? 
See  attached  comments 

24.  How  much  time  per  class  session  did  you  devote  to  this  unit? 

[63]  50  mintues  or  less  [  6  ]  61-90  minutes 

[19]  51-60  minutes  [12]  91+ minutes 

25.  Did  you  combine  any  of  the  unit's  classes  into  one  session  (for  example,  teach  classes  CI 
and  C2  in  one  session)? 

[36]  Yes    [64]  No 

If  yes,  which  classes  did  you  combine? 
See  attached  comments 

38 


28.  Were  there  any  special  circumstances  which,  in  your  opinion,  may  have  influenced  the  pre- 
or  posttest  scores  (e.g.,  lack  of  time,  faulty  lab  equipment,  school  holidays,  fire  drill)? 

See  attached  comments 

General  Comments:  • 

See  attached  comments 
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Teacher  Questionnaire  Comments 


Genera!  Comments  on  Objectives 

1 .  Generally  ref tect  major  thiust  of  text  materia!.  (#30) 
2. 1  use  them  as  overview  and  review.  (#38) 

3.  FORCE  TRANSFORMERS  was  a  fun  unit,  the  only  problem  was  with  slugs  and  its  impor- 
tance. (#11) 
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General  Comments  on  Instructional  Activities 
1 .  Units  7, 8,  and  9  are  extremely  difficult  for  my  students.  (#42) 
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General  Comments  on  Unit  Content 


1 .  Some  examples  v/ere  very  "physics"  i.e.,  gunshot  problems.  Could  be  replaced  with  some- 
thing ll!<Q  unloading  a  4-wheeler  industrial  cart.  Examples  with  Tind  a-,  b-,  etc."  are  intimida- 
ting. (#30) 

2.  New  material  for  most  students  -  difficult  for  them  to  comprehend.  (#78) 
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Question  18  Comments 


Do  yois  feel  the  teacher's  guide  material  provided  you  with  enough  information 
to  help  you  teach  the  unit?  If  not,  what  should  be  added  to  the  guide  to  make  it 
more  useful? 

1 .  There  are  a  few  times  when  a  little  more  explanation  on  highly  technical  ooints  would  have 
helped.  (#38) 

2.  More  tie  in  to  labs.  (#25) 

3.  Teacher's  guide  material  contained  errors  which  caused  some  confusion  and  took  time  to 
determine  what  was  correct.  (#36) 

4.  More  explanation.  (#37) 

5.  More  correct  answers.  (#42) 

6.  Teacher's  guide  material  much  improved.  Better  demos,  more  detailed  notes.  Teacher's 
guide  much  more  useful  than  in  previous  units.  (#30) 

7. 1  needed  a  more  complete  explanation  of  the  applications,  and  how  they  should  help  the 
student  in  a  job  situation.  (#1 1 ) 

8.  Many  solutions  to  math  problems  are  not  complete.  Too  often  the  steps  used  to  convert 
units  or  complete  calculations  are  left  out.  I  feel  each  problem  should  list  each  step  in  find- 
ing the  answer.  (#63) 

9.  We  skipped  from  Unit  3  to  8  and  it  v'as  difficult  to  teach  this  unit.  Some  of  the  math  examples 
needed  a  little  more  instruction.  (#34) 
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Question  20  Commenfs 


Overall,  did  you  feel  comfortable  teaching  the  materials  In  this  unit?  If  no, 
please  explain. 

1.  Would  have  been  more  comfortable  if  some  of  the  lab  equipment  had  been  in-house.  (#30) 

2.  My  background  on  the  subject  was  almost  nil.  Consequently  I  was  not  as  confident  w\h  it. 
(#36) 

3. 1  couid  not  get  comfortable  vjith  the  concept  of  slugs  as  a  unit  of  mass.  My  understanding  is 
that  fi  isnt  used  much  anynnore.  (#1 1) 
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Question  21  Commehts 


What,  if  anything,  caused  you  the  most  problems  in  teaching  this  unit? 

1 .  As  usual,  inability  because  of  time  constraints  to  produce  laboratory  materials  and  un- 
availability from  vendors.  (#30) 

2.  Lacl<  of  equipment.  ^#42) 

3.  The  concept  of  momentum  being  zero.  (#37) 

4.  No  lab  equipment.  (#36) 

5.  We  did  not  have  the  equipment  for  the  labs  as  written.  (#07) 

6.  It  involved  parts  of  course  that  were  covered  in  first  year.  Most  of  my  students  were  new  this 
year.  (#25) 

7.  The  math  remains  a  problem  that  I  have  to  spend  a  great  deal  of  time  with.  Lack  of  equipment 
continues  to  be  a  problem.  (#38) 

8.  Not  having  lab  equpment.  (#35) 

9.  Math  labs  take  longer  than  50  minutes.  (#18) 

1 0.  Working  through  problem  calculations  within  the  prescribed  time  frame.  (#78) 

1 1 .  Most  problems  were  in  the  math,  if  each  problem  was  worked  out  in  its  entirety,  explanation 
to  students  would  be  easier.  (#63) 

12.  Math  examples,  lab,  reading.  (#34) 

13.  Math  labs  are  quite  difficult.  (#32) 
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Question  22  Comments 


What  did  you  Itke  most  In  teaching  this  unit? 

1 .  Teacher's  guide  improved  my  presentation.  Stiort  unit  improved  student  attention,  and  the 
integration  of  mechanical  and  fluid  topics  was  a  nice  change.  (#30) 

2.  Section  on  Ln,on,.  (#42) 

3.  The  math  was  great.  (#37) 

4.  The  way  it  was  presented  in  the  text.  (#36) 

5.  Physics  concepts.  (#07) 

6.  Examples -- problems.  (#13) 

7.  Video.  (#25) 

8.  No  preference.  (#38) 

9. 1  liked  the  unit  as  a  whole,  It  was  fun  to  teach  and  brought  a  lot  of  things  together  for  my  class. 
(#11) 

10. 1  liked  all  of  H.  (#18) 

12.  The  labs.  (#63) 

13,  Moved  rapdily  and  held  student  attention.  (#32) 
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General  Comments  on  Perceptions  of  Instructional  Planning 

1 .  This  seemed  to  be  quite  a  long  unit  for  the  Idea  of  momentum.  (#25) 

2.  It  takes  a  bunch.  (#38) 

3.  This  course  Is  requiring  extra  p&d  time  for  first  time  being  taught.  PT 1-7  unit  classes  required 
very  little  extra  planning  or  set-up  time.  (#30) 

4.  Not  really  anything.  I  believe  individual  teachers  know  best  how  they  need  to  prepare.  (#37) 

5.  Very  good.  (#13) 

6.  All  very  good.  (#18) 

7.  This  study  takes  more  than  14  days  to  cover  for  student  understanding.  (#78) 

8.  Well  planned  material.  (#32) 
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Question  23  Comments 


Did  you  teach  this  uult  on  consecutive  days  for  26  days?  If  no,  what  pattern  did 
you  use  (for  example,  3  days  a  week)? 

1,  Double  periods  each  day  during  attemate  weeks.  (#30) 

2. 1  taught  each  day  for  55  minutes  but  because  of  no  equipment  didn't  take  long.  (#38) 

3.  Two  days  a  week.  (#13) 

4. 95  minutes  every  other  day.  (#1 1 ) 

5.  Consecutively  for  1 0  days.  (#35) 

6.  Short  unit.  (#18) 
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Question  25  Commer'is 


Did  you  combtne  any  of  the  unites  classes  fntr  one  session  (for  example,  teach 
classes  C1  and  C2  in  one  session)? 

1 .  Most  C1  and  C2  unRs  were  combined.  (#07) 

2.  CO,  CI  and  C2.  Math  lab  used  double  periods  since  no  lab  equipment  was  available  by  the 
time  the  unit  was  taught.  (#30) 

3.  Maybe  I  doni  keep  track,  take  what  I  can.  (#25) 

4.  Overview-C1 ;  C2"Math  lab;  Lab  1  and  Lab2;  Summary.  (#11) 

5.  Labs,  this  was  due  to  lack  of  equipment.  (#63) 
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Question  26  Comments 


Were  there  any  special  circumstances  which,  In  your  opinion,  may  have 
Influenced  the  pre-  or  posttest  scores  (e.g.,  lack  of  time,  faulty  lab  equipment, 
school  holidays,  fire  drill  in  the  middle  of  the  exam)? 

1.  Review  class  shortened  so  that  evaluation  could  be  sent  in  more  timely  fashion.  Lab  classes 
eliminated.  Entire  unit  progressed  very  rapidly  and  absence  (mm  class  by  an  individual  would 
reflect  inordinately  low  score.  (#30) 

2.  Lacl<  of  equipment.  As  of  today,  there  is  no  price  list  for  Units  9, 10,  etc.  (#42) 

3. 1  probably  sound  boring  but  we  don't  have  the  lab  equipment.  At  this  rate  we  are  afraid  this 
will  always  be  our  problem  and  we'll  never  get  the  equipment  when  we  need  it.  (#37) 

4.  Posttest  results  were  good  and  gratifying.  (#36) 

5.  Topics  intended  to  be  covered  by  laboratory  exposure  or  reinforced  in  the  lab  were  weak  due 
to  inability  to  acquire  special  equipment  on  time.  Adjustments  due  to  be  made  soon.  (#30) 

6.  Pretty  good,  v;ell  put  together,  leaves  little  to  do  in  planning  classes.  (#13) 

7.  This  is  ridiculous  -  Friday,  November  12  I  received  the  list  from  Sargent-Welch  telling  me  what 
to  order  for  labs.  So  labs  are  only  being  partially  done.  If  this  time  table  continues,  the  items 
needed  for  future  units  will  not  be  available  until  well  after  the  due  date  for  completion.  (#62) 

8.  Lack  of  equipment  -  we  are  through  with  the  unit  and  some  of  the  equipment  is  still  not  here. 
This  detracts  from  the  practical  aspect  of  the  unit.  (#18) 
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General  Comments 


1 .  We  (teacher  and  students)  seem  to  have  gotten  bogged  down  over  this  unit;  units,  terms  and 
notation  were  problematic  for  students  who  had  not  been  through  PT 1 .  (#35) 

2. 1  do  not  see  how  any  school  can  be  on  schedule  because  of  lack  of  equipment,  if  they  are 
keeping  this  course  practical.  (#18) 

3.  Our  students  only  meet  3  days  a  week,  a  lot  of  these  factors  could  have  influenced  the  pre-/ 
posttest  scores.  Skipping  from  Unit  3  to  Unit  8  definitely  influenced  the  scores.  (#34) 

4.  Good  unit.  (#32) 
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Appendix  G 
Unit  Dally  Log 


PURPOSE 

The  purpose  rf  the  Unit  Daily  Log  is  to  provide  a  regular  source  of  teacher  information  for 
innproving  the  Principles  of  Technology  curriculum. 

DIRECTIONS 

The  left  column  on  the  following  chart  lists  each  activity  for  this  particular  unit.  Since  there  are  no 
materials  specifically  for  the  subunit  review  classes,  these  classes  have  not  been  listed  in  the 
chart. 

For  columns  1-5  on  the  attached  chart: 

1 .  Circle     (yes)  or  "N"  (no):  Were  tho  readings,  labs,  or  ;videos  appropriate  (e.g.,  grade  level, 
sufficient  quantity  of  material)  for  your  students?  If  no- ,  specify  modifications  in  column  5. 

2.  Circle  "Y"  (yes)  or  "N"  (no):  Were  you  able  to  cover  the  content  in  the  50-minute  time 
period? 

3.  Briefly  describe  any  errors  or  inaccuracies  in  the  material. 

4.  Briefly  describe  any  problems  you  had  in  managing  the  material.  Among  others,  this  may 
include  problems  in  coordinating  lab  rotations,  lab  set-up,  and  maintaining  student  in- 
terest. 

5.  Briefly  list  suggestions  for  modifying  the  material.  Describe  "teaching  tips"  for  future  teachers. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the  charts.  If  you  need  wore 
space  for  comments,  use  the  back  of  the  charts  and/or  attach  additional  pages. 
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Unit 

/\ppropriatefor 
students? 

Conpletedin 
50-60  rrtnutes? 

DM  vftii  discover  anv  errors  or 
inaccurades?  Ifso,p!ease 
specify  in  the  appropriate 
spaces  bekw. 

Did  you  have  any  management 
fxobiews?  if  so,  ptease  specify 
in  the  appropriate  spaces  i>etow. 

Do  you  have  any  suggested  mod- 
ifications or  general  comnrerts? 
If  so,  please  specify  in  the  appro- 
priate spaces  below. 

Overview 
Video 

Y  N 
92  8 

CO 

Y  N 

92  8 

92  8 

Mechanical  & 
Fluid  1 

Video 

Y  N 
92  8 

 . — 

CI 

Y  N 
92  8 

Y  N 
91  9 

C2 

Y  N 
92  8 

Y  N 
82  18 

Y  N 
83  17 

Y  N 
46  54 

8M1 

Y  N 
83  17 

Y  N 

75  25 

Y  N 

67  33 

Y  N 

67  33 

 5-04  ' 

Unit 

PipptOpncOLQ  Tor 
shjidents? 

l,A}lifJtclcU  III 

50-60  m&nites? 

Did  you  discover  any  errors  or 
inaccuracies?  if  so,  please 

spaces  below. 

Did  you  have  any  management 
in  the  appropriate  spaces  befow. 

Do  you  have  any  suggested  mod- 
Hicatfons  or  general  comments? 
n  1 0,  piease  speciiy  in  ine  appro- 
priate spaces  below. 

Mechanical  & 
Fluid  II 

Video 

Y  N 
100 

CI 

Y  N 
100 

Y  N 

73  27 

02 

Y  N 
100 

Y  N 

73  27 

Math  Lab 

Y  N 
89  11 

Y  N 
46  54 

8F1/8F2 

Y  N 
100 

Y  N 

37  63 

Summary 

Video 

Y  N 

100 

Unit  Daily  Log  Comments 


Overview  -  Video 

Did  you  discover  any  errors  or  inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

no  comments 
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Overview  -  CO 

Did  you  discover  any  errors  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 
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Mechanics!  ^  .^'luid  Systems  I  -  Video 

Did  you  discover  any  errors  or  inaccuracies? 

no  comments 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggeslee^  modifications  or  general  comments? 

no  comments 


57 


596 


Mechanical  &  Fluid  Systems  I  -  C1 


Did  you  discover  any  errors  or  Inaccuracies? 

1 .  As  long  as  "mom'*  Is  used  as  a  subscript  for  both  linear  and  rotational,  it  doesn't  differentiate. 
(#30) 

Did  you  have  any  management  problems? 

1 .  My  students  had  trouble  with  the  material  in  this  unit.  We  stripped  from  Unit  3  to  Unit  8.  Stu- 
dents had  a  pretty  rough  time  trying  to  catch  up.  (#34) 

2. Tfie  concepts  of  siugs  ind  mass  were  difficult.  (#11) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Use  Piin  and  P^ot  instead  of  Pmom  and  Lmom»  or  "se  P  and  L  and  forget  the  subscripts.  (#30) 
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Mechanical  &  Fluid  Systems  I  -  C2 

Did  you  discover  ^^^i/  errors  or  inaccuracies? 

1 .  Page  T-33,  enrors  in  problems  1  and  3.  (#38) 

2.  Page  25a,  (-)  sign  not  handled  well  in  problem  9.  Page  25c.  problem  10  shjuld  be  20 
not  2.  (#78) 

3.  Page  25a.  #8  should  be  P^om  =  148.500.  (#42) 

4.  T-25a,  answer  to  #8  is  wrong.  (#32) 

Did  you  have  any  management  problems? 

1 .  Had  to  take  longer  to  discuss  problems  in  sti:dent  exercise.  (#38) 

Do  you  have  any  suggested  modifications  or  genera!  comments? 
1 .  This  will  just  take  a  longer  time.  The  Tiath  must  be  explained.  (#38) 
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Mecharlcal  &  Fluid  Systems  I     Math  Lab 
Did  you  discover  any  errors  or  Inaccuracies? 

1.  Problem  #1.wh3re  did  V  =  0.27  nVsec  come  from?  Problem  #3.  P^nomerror.  (#38) 

2.  Page  T-34c.  m  =  w/g  «  4000/32  ft/s2  =  125.  not  12.  (#78) 

3.  Page  35.  impulse  in  wrong  direction  in  problem  10.  (#11) 

4.  Problem  6  does  not  give  sufficient  information  to  calculate  I.  (#63) 

5.  T-33a.  problem  1 ,  error  in  value  of  V.  (#32) 

Did  you  have  any  management  problems? 

1 .  Had  to  take  longer  to  discuss  and  work  math  problems.  (#38) 

2.  Took  2  periods,  100  minutes.  (#78) 

3.  Took  longer  than  50  minutes  to  complete  (I  see  no  real  probler*  with  this,  however).  (#18) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1.  Too  difficult.  (#42) 

2.  Correct  errors  in  teacher  solutions  of  math  problems.  (#78) 
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Mechanical  &  FJ"ld  Systems  I  -  Lab  8M1 


Did  you  discover  any  error  or  Inaccurac^eii? 
1 .  Page  T-43,  step  4,  calculated  data  does  not  track  with  given  information.  (#78) 

Did  you  discover  any  management  problems? 

1.  No  lab  equipment.  (#38) 

2.  Impossible  to  complete  at  this  time  due  to  lack  of  equipment.  (#30) 

3.  •'Mucho''  trouble  -  no  equipment.  (#37) 

4.  Equipment  not  available.  (#35) 

5.  Complex  lab  apparatus   difficult  to  measure  .2  seconds  on  stopwatch.  (#78) 

6.  Did  not  do  -  no  equipment.  Talked  our  way  through.  (#18) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1.  Devise  a  way  to  make  time  (stopwatch)  measurement  that  does  not  rely  on  reaction 
time.  (#78) 


Mechanical  &  Fluid  Systems  I    Lab  6fA2 

Did  you  discover  any  errors  or  inaccuracies? 
1.  Did  not  use  this  lab.  (#63) 

Did  you  have  any  management  problems? 

1.  No  lab  equipment.  (#38) 

2.  Equvoment  didn't  come  with  drive  belts.  (#42) 

3.  ''Mucho-  trouble  -  no  equipment.  (#37) 

4.  Impossible  to  complete  at  this  time  due  to  lack  of  equipment.  (#30) 

5.  Equipment  not  available.  (#35) 

6.  Only  one  lab  apparatus  -  expensive  and  dangerous.  Lab  groups  had  to  take  turns.  (#78) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Corrections  of  safety  of  lab  apparatus  already  in  system.  (#78) 

2.  Due  to  centrifugal  forces  produced  I  felt  this  lab  would  be  unsafe.  (#63) 
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Mechanical  &  Fluid  Systems  II  -  video 

Did  you  discover  any  errors  or  Inaccuracies? 

no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Good  use  of  NASA  footage  for  angular  momentum.  (#30) 
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Mechanical  &  Fluid  Systems  II  •  CI 


Did  you  discover  any  errors  or  Inaccuracies? 

1.  All  formulas  on  figure  8-14  have  1  in  place  of  I,  except  example  g.  (#18) 

2.  Notations  on  page  59,  figure  8-14  (a-f).  (#35) 

3.  Page  59,  inertia  formulas  are  written  as  1  «  MR2  (figure  8-14).  They  should  be  I »  MR2.  (#63) 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
1 .  Good  idea  to  have  repeated  figure  8-14  from  last  year's  series.  (#30) 
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Mechanical  &  Fluid  Systems  II  •»  C2 


Did  you  discover  any  errors  or  inaccuracies? 

1 .  Page  T-70,  #12c,  F  =  249  N,  T  =  238  N-m.  (#42) 

2.  Example  8k,  page  65-67,  too  long.  (#30) 

3.  Student  example,  page  69,  #5  should  be  kg-m/s^.  (#18) 

4.  Page  70,  pictures  missing.  Page  T-70,  solution  to  #12  is  messed  up.  (#32) 

Did  you  fiave  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Enlarge  turt)ocharger  part  of  figure  8-1 7  in  a  mg-box  next  to  the  illustration.  (#30) 

2.  Figure  8-1 7  needs  a  flow  diagram.  (#42) 
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Mechanical  &  Fluid  Systems  11     Math  Lab 
Did  you  discover  any  errors  or  inaccuracies? 

1 .  Page  T-78a.  #4.  F  « 1 00  lbs.  Page  T-78c.  #6a,  Angular  Impulse  =  2.25  N-m-sec.  (#42) 

2.  Problem  #6.  page  78.  does  not  match  teacher's  version  on  page  T-78c.  (#18) 

3.  Page  T-75.  km  in  equation  should  be  kg.  Page  T-78a.  error  in  problem  4,  it  should  be  1 00. 
(#78) 

4.  Page  T-78a.  #4  answer  wrong.  T-78c,  #6;  Dt  =  1  minute?  Page  78;  part  B  missing  #6.  (#32) 

Did  you  have  any  management  problems? 

1 .  The  math  just  takes  longer,  it  has  to  be  done.  (#30) 

2.  Took  longer  than  50  minutes.  !  see  no  real  problem  with  this  however,  (#18) 

3.  Math  lab  too  long.  Took  2 1/2  periods  to  lead  students  through.  (#78) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Students  had  fewer  complaints  about  this  one  for  some  reason.  (#30) 

2.  Too  hard.  (#42) 


Mechanical  &  Fluid  Systems  II  -  Lab  8F1/8F2 

Did  you  discover  any  errors  or  Inaccuracies? 

1 .  Page  90.  #3  says.  "See  sketcli  below**  -  no  sketch.  (#30) 

2.  No  lab  equipment.  (#35) 

Did  you  have  any  management  problems? 

1.  No  equipment.  (#42) 

2.  No  equipment.  (#38) 

3.  Did  not  do  -  no  equipment.  Talked  our  way  tlirougli.  (#18) 

4.  Had  to  dry  lab  this  one.  could  not  find  anything  flexible  enough  to  allow  any  movement  of 
a  90  degree  pipe.  (#78) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Improve  lab  unit  or  help  us  find  flexible  hose.  (#78) 
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Summary  ••  Video 


Did  you  discover  any  errors  or  inaccuracies? 

no  comments 


7 
t 


Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
1 .  The  •'hammer  pun"  could  have  been  omitted.  (#35) 
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PRINCIPLES  OF  TECHNOLOGY 

Unit  9:    WAVES  AND  VIBRATIONS 
Pilot  Test  Findings 


Agency  for  Instructional  Technology 
Box  A 

Bloomington,  Indiana  47402 

Center  for  Occupational  Research  and  Development 
601  C  Lake  Air  Drive 
Waco,  Texas  76710 


AIT 

The  Agency  for  Instmctional  Technology  is  a  nonprofit  American-Canadian  organization 
established  in  1973  to  strengthen  education  through  technology.  In  cooperation  with  state  and 
provincial  agencies,  AIT  develops  instructional  materials  using  television  and  computers.  AIT  also 
acquires  and  distributes  a  wide  variety  of  television  and  related  print  materials  for  use  as  major 
learning  resources.  It  makes  many  of  these  materials  available  in  audiovisual  formats.  From  April 
1973  to  July  1984,  AIT  was  known  as  the  Agency  for  Instmctional  Television.  Its  predecessor 
organization.  National  Instmctional  Television,  was  founded  in  1962.  All's  main  offices  are  in 
Bloomington,  Indiana. 

CORD 

The  Center  for  Occupational  Research  and  Development  is  a  nonprofit  organization  established 
to  conduct  research  and  development  activities  and  to  disseminate  curricula  for  technical  and 
occupational  education  and  training.  CORD  has  developed  over  36,000  pages  of  instmctional 
materials  for  technicians  on  14  major  curriculum  projects  in  advanced  technology  areas.  This 
includes  the  Unified  Technical  Concepts  course  on  which  Principles  of  Technology  is  based. 
These  projects  were  sponsored  by  contracts  with  federal  and  state  agencies,  and  by  industrial 
support  from  the  private  sector.  The  products  developed  by  CORD  are  used  in  technical 
#  institutes,  community  colleges,  vocational  high  schools  and  industry  training  programs.  CORD 

has  been  tailoring  educational  programs  to  meet  workforce  needs  for  1 0  years.  The  CORD  office 
is  in  Waco,  Texas. 
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INTRODUCTION 


Principles  of  Technology  \s  an  applied  science  course  for  high  school  vocational  students  that 
is  being  developed  collaboratively  by  the  Agency  for  Instructional  Technology  (AIT),  the  Center 
for  Occupational  Research  and  Development  (CORD),  and  a  consortium  of  40  state  and  provincial 
education  agencies  (see  Appendix  A  for  a  list  of  cooperating  agencies).  The  course  consists  of 
fourteen  units,  each  focusing  on  s  principle  that  underlies  toda/s  technology.  Each  unit  consists 
of  a  student  manual,  a  teacher's  guide,  hands-on  laboratories,  and  video  programs. 

The  entire  project  is  being  developed  with  the  help  of  a  formative  evaluation  process  that 
systematically  collects  data  from  a  special  review  team  (see  Appendix  B),  from  consortium 
representatives,  and  from  teachers  and  students  at  classroom  pilot  test  sites.  The  review  team 
reviews  preliminary  drafts  of  the  instojctional  materials  before  they  are  sent  to  consortium 
representatives  and  pilot  test  sites.  Consortium  representatives  review  the  material  concurrently 
with  the  classroorrt  pilot  testing.  The  data  from  all  sources  -  review  team,  consortium 
representatives,  and  pilot  sites  -  are  analyzed  and  reported  to  the  developers,  who  use  these 
findings  to  revise  the  materials. 

Thus,  an  important  part  of  the  overall  fomnative  evaluation  is  a  pilot  test  of  each  unit  in  actual 
classroom  settings.  The  primary  purposes  of  the  pilot  test  are:  1)  to  determine  how  well  ths, 
materials  are  working;  and  2)  to  identify  specific  problems  with  the  materials.  Al!  pilot  test  teachers 
were  oriented  to  the  Principles  of  Technology  course  and  to  the  pilot  test  procedures  at  one  of 
two  meetings  held  in  Dallas  the  summer  of  1984.  Almost  all  pilot  test  teachers  met  again  in  a 
combined  meeting  with  consortium  representatives  and  AIT/CORD  staff  in  Dallas  the  summer  of 
1985.  At  this  meeting,  staff  members  proposed  several  modifications  in  the  pilot  test  procedures. 
Most  of  these  changes  were  in  the  instrumentation  for  year  two  of  the  pilot  test.  (These  changes 
are  detailed  in  the  instiumentation  section  of  this  report,  pages  6-8.) 

This  report  details  the  findings  of  the  pilot  test  of  Unit  9:  WAVES  AND  VIBRATIONS.  The 
report  makes  some  comparisons  of  these  findings  with  those  for  Units  1-8,  which  are  contained  in 
separate  reports  (see  **Unit  1 :  FORCE  -  Pilot  Test  Findings,**  December  18, 1984;  •'Unit  2:  VJOAK 
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-  Pilot  Test  Findings;  March  1. 1985;  "Unit  3:  RATE  -  Pilot  Test  Findings"  May  6, 1985;  "Unit  4: 
RESISTANCE  -  Pilot  Test  findings;  May  29. 1985;  "Unit  5:  ENERGY  -  Pilot  Test  Findings;  July 
15. 1985;  Unit  6:  POWER  -  Pilot  Test  Findings;  August  19. 1985;  "Unit  7:  FORCE 
TRANSFORMERS  -  Pilot  Test  Findings;  January.  1986;  and  "Unit  8:  MOMENTUM  -  Pilot  Test 
findings;  February  1986),  Since  some  of  the  year  two  instrumentation,  beginning  with  Unit  8. 
was  modified,  exact  comparisons  with  Units  1-7  data  are  no  longer  possible.  There  remain, 
however,  enough  common  elements  from  year  one  to  year  two  instrumentation  to  make  several 
comparisons.  Finally,  when  reading  this  rsport  one  must  remember  that  all  data  are  formative  data; 
the  developers  are  using  the  data,  along  with  reactions  from  the  review  team  and  coa*=ortium 
representatives,  as  a  basis  for  revising  the  materials. 
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PILOT  TEST  PROCEDURES 


Una  9:  WAVES  AND  VIBRATIONS  pilot  test  materials  were  mailed  to  teachers  in  mid- 
September  1985.  These  materials  consisted  of: 

1)  Parallel  pretest/posttest  (see  Appendix  0) 

2)  Computerized  scoring  sheets  for  the  pretest/posttest 

3)  Student  attitude  questionnaires  (see  Appendix  E) 

4)  Teacher  questionnaires  (see  Appendix  F) 

5)  Unit  daily  log  (see  Appendix  G) 

Teachers  administered  the  pretest  before  any  teaching.  As  they  taught  the  unit,  teachers 
recorded  their  reactions  to  the  unit  on  a  detailed  questionnaire.  At  the  conclusion  of  the  unit, 
teachers  administered  the  posttest  along  with  the  student  attitude  questionnaires.  As  requested 
by  teachers  at  the  summer  meeting,  parallel  forms  of  the  same  test  were  used  for  the  pretest  and 
posttest.    All  Unit  9  materials  were  then  mailed  back  to  AIT.  This  report  contains  all  data  received 
by  January  1986. 


LIMITATIONS  OF  THE  METHODOLOGY 


Two  major  limiling  factors  must  be  considered  when  the  findings  are  interpreted:  research 

design  and  extemal  variables  beyond  the  project's  control. 
Rfisearnh  DfiSiqn  Constraints 
Several  factors  in  the  research  design  must  be  considered,  including: 

•  Lack  of  matched  control  groups 

The  design  allows  one  to  draw  conclusions  only  about  the  Principles  of  Technology  course, 
but  not  to  compare  these  results  to  other  comparable  teaching  methods.  The  costs  in  time, 
resources,  and  further  admifjistrative  impositions  on  the  pilot  test  schools  prohibited  the 
establishment  of  matched  control  groups.  It's  also  difficult  to  match  Principles  ofTechnologyto 
other  courses.  Would  they  be  physics  courses  orvocational  courses?  Thus,  in  addition  to  the 
fiscal  and  administrative  constraints,  the  matching  process  itself  would  be  problematic. 

•  The  pretest/posttesH  format 

Parallel  forms  of  the  same  test  were  used  for  the  pretest/posttest.  The  effect  that  memory  of 
the  pretest  might  have  on  posttest  performance  was  a  concem.  The  research  design 
addressed  this  concem  in  four  ways: 

1)  Students  were  not  given  the  correct  answers  to  the  pretest.  The  effect  of  memory  was 
limited,  immediately,  to  the  nature  of  the  questions  without  accompanying  knowledge 
of  the  correct  answers. 

2)  The  posttest  was  administered  more  than  one  month  after  the  pretest.  In  the  intervening 
time  students  had  many  experiences,  both  academic  and  personal,  that  would  mitigate 
the  effects  of  menrwry. 

3)  A  correlated  Mest  was  used  to  analyza  the  pretest/posttest  data.  This  technique  helps  to 
partial  out  any  variance  that  might  result  from  an  intruding  correlation  -  in  this  case,  memory. 

4)  Parallel  forms  of  the  test  were  used.  Although  the  itenns  were  identical,  the  order  of  the 
itenns  was  changed  from  pretest  to  posttest. 

•  The  pretest/posttest  as  an  instrument  (see  the  section  on  instrumentation,  pages  6-8) 

The  test  cannot  measure  all  objectives.  Therefore,  objectives  had  to  be  sampled.  Also,  the 
items  do  not  always  directly  match  the  intended  objectives.  The  test  was  a  cognitive  test. 
Many  of  the  objectives  (particulariy  the  lab  objectives)  are  psychomotor  objectives.  One  must 
consider  each  of  these  factors  when  assessing  the  validity  of  the  instrument.  It's  important  to 
remember,  however,  that  the  test  is  but  one  of  several  means  being  used  to  assess  the  unit. 

External  Constraints 

Some  factors  beyond  the  project's  control  probably  affected  the  results,  including: 

•  Equipment  problems 

As  with  the  previous  units,  several  teachers  reported  problems  in  securing  the  necessary  lab 
equipment. 
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•  student  characteristics 

Both  teachers  and  students  have  reported  what  appears  to  be  considerable  variability  in  the 
kinds  of  students  in  the  course.  This  variability  encompasses  students'  academic 
backgrounds,  ability  levels,  and  socioeconomic  levels.  The  project  has  made  no  attempt  to 
control  these  variables. 

•  Teaching  pattern 

Teachars  report  considerable  variability  in  the  length  of  classes  and  number  of  class  sessions. 
The  project  has  made  no  attempt  to  control  these  situations,  but  has  instead  attempted  to 
assess  the  impact  of  the  various  conditions  on  the  outcomes. 

So,  both  research  design  and  extemal  constraints  must  be  considered  when  the  results  are 
Interpreted.  It's  important  to  remember  that  the  pilot  test  was  designed  as  a  part  of  the  overall 
fonnative  evaluation,  not  as  rigidly  controlled  research.  Nonetheless,  the  validity  of  the  various 
data  collection  procedures  must  be  considered. 


INSTRUMENTATION 

The  instmments  for  Unit  9  were: 

1)  Parallel  forms  of  a  pretest/posttest 

2)  Student  attitude  questionnaires 

3)  A  teacher  questionnaire 

4)  A  unit  daily  log 

The  student  attitude  questionnaire,  teacher  questionnaire  and  unit  daily  log  were  similar  to 
those  used  for  Unit  8.  The  instmmentation  for  both  Unit  8  and  Unit  9  was  substantially  revised 
from  the  instrumentation  used  for  Units  1-7.  These  revisions  reflected  comments  made  at  the 
July  1985  meeting  in  Dallas.  Before  discussing  the  revisions,  however,  let's  first  examine  the 
pretest/posttest  instrumentation. 
Pretest/Posttest 

As  with  all  previous  units,  the  test  questions  were  initiated  at  CORD  by  the  content  specialists. 
In  a  collaborative  process  between  evaluators  and  content  specialists,  the  original  50  questions 
were  pruned  and  revised  to  the  eventual  29  questions.  Each  item  is  tied  as  directly  as  possible  to 
a  specific  objective  from  Unit  \  The  item/objective  match  is  not  always  exact.  It's  impossible  to 
match  items  to  some  objectives  because  of  the  way  those  objectives  are  worded  ("recognize." 
"define,"  etc.).  It's  important  to  remember  that  the  instrument  is  attempting  to  measure 
manifestations  of  teaming,  and  that  approximations  of  objectives  are  often  the  best  that  cognitive 
test  developers  can  do.  With  only  29  items,  not  all  objectives  could  be  tested.  Therefore, 
objectives  had  to  be  sampled.  Generally,  priorities  for  this  sampling  were  based  on  the  relative 
importance  of  the  concepts.  (Appendix  C  lists  the  objective  each  item  is  intended  to  address 
above  the  item.) 

So,  is  it  a  "good"  test?  Generally,  instmments  are  judged  based  on  reliability  (consistency, 
accuracy,  dependability)  anJ  validity  (roughly,  is  it  measuring  what  you  think  it's  measuring?).  On 
the  Spearman-Brown  Test  of  internal  consistency,  the  reliability  of  this  instrument  is  .86,  which  is 
acceptable  by  nrx)st  standards.  Validity  is  a  bit  nrwre  complicated  to  judge.  Readers  are 
encouraged  to  make  their  own  judgments  about  the  validity  of  the  instrument.  Pertinent 
questions  include: 


1)  Do  the  items  adequately  address  the  Intended  objectives? 

2)  Is  a  sufficient  range  of  objectives  addressed? 

3)  Overall,  is  the  instrument  a  fair  measure  of  Unit  8's  instruction? 

It  should  be  pointed  out  that,  in  examining  the  pretest/posttest  results  for  each  of  the  first  eight 
units,  the  developers  and  evaluators  encountered  a  few  items  in  each  unit  (no  more  than  three 
per  unit)  that  they  considered,  for  various  reasons,  to  be  poor  items.  Of  course  there  is  always 
wisdom  in  hindsight.  Ideally,  each  of  these  instruments  would  itselt  be  pilot  tested.  However,  the 
project's  schedule  precludes  the  luxury  of  pilot  testing  the  instrumentation.  Thus,  even  with 
careful  planning,  it's  inevitable  that  a  few  poor  items  will  be  included  in  each  test. 
Student  Questionnaire 

The  student  questionnaire  (Appendix  E)  was  expanded  from  the  one  used  for  Units  1-7.  The 
questionnaire  has  a  series  of  items  on  students'  reactions  to  the  objectives,  content,  video,  text, 
and  labs;  the  difficulty  of  the  unit;  and  students'  overall  satisfaction  with  the  unit. 

Although  the  expanded  student  questionnaire  no  doubt  takes  more  precious  time  to 
administer,  the  staff  felt  that  the  additional  information  could  provide  better  insights  into  students' 
reactions  to  the  course. 
Teacher  Questionnaire/Unit  Daily  Loo 

Two  disti.nct  kinds  of  information  must  be  collected  from  the  teachers.  First,  it's  important  that 
they  indicate  their  overall  reactions  to  the  unit.  Addilionally,  it's  important  that  they  give  their 
detailed  reactions  to  each  day  of  instmction,  particularly  noting  problems  or  errors  in  the  materials. 
To  meet  these  dual  needs,  teachers  completed  both  a  teacher  questionnaire  (Appendix  F)  and  a 
unit  daily  log  (Appendix  G).  The  teacher  questionnaire  was  revised  fron  those  that  were  ussd  for 
Units  1-7.  The  questionnaire  has  a  series  of  items  on  teachers'  reactions  to  the  objectives,  the 
instmctional  activities,  and  the  content,  and  on  their  instmctional  planning.  Although  several 
itenns  from  the  first  year 's  instalment  remain,  several  new  items  were  added.  The  unit  daily  log  is 
essentially  the  same  as  that  used  for  Units  1-7,  although  it  was  sent  as  a  separate  instalment  to 
make  it  easier  for  teachers  to  complete  on  a  regular  basis;  for  Units  1  -7  it  was  merely  attached  to 
the  teacher  questionnaire. 
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Thus,  the  project  is  using  the  same  kinds  of  instaimentation  for  year  two  as  it  did  for  year  one  of 
the  pilot  test.  However,  significant  revisions  of  some  of  the  instruments,  notably  the  teacher  and 
student  questionnaires,  should  produce  information  that  better  addresses  the  overall  goals  of  the 
pilot  test. 
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SAMPLE 


The  sample  included  121  students  in  11  sites.  Student  characteristics  included: 

•  Grade*^ 

10  =  0%  11=1 7%  12  =  83%  (In  year  two  of  the  course,  it's  certainly  not  surprising  that 
the  majority  of  students  are  in  grade  twelve.) 

•  Sex 

Male  «  81%  Female  =  19% 
Teacher  characteristics  included: 

•  Physics  background^ 

As  with  previous  units,  there  was  a  wide  range  in  the  teachers*  physics  backgrounds;  18% 
reported  no  college  physics  courses;  27%  reported  one  college  physics  course;  37% 
reported  2-4  college  physics  courses;  9%  reported  5-7  college  physics  courses;  and  9% 
reported  eight  or  more  college  physics  courses. 

•  Mathematics  background 

All  teachers  reported  having  had  two  or  more  college  mathematics  courses;  several  (27%)  have 
had  five  or  more  college  mathematics  courses. 

•  Teaching  pattern 

The  majority  (64%)  taught  Unit  9  on  consecutive  days.  Most  (83%)  taught  sessions  that  were 
60  minutes  or  shorter.  About  a  third  (36%)  indicated  that  they  had  combined  classes  into  one 
session.  These  numbers  are  neariy  identical  to  the  numbers  for  Unit  8.  a  finding  that  further 
indicates  the  stability  of  the  sample. 

•  Preparation  Time 

The  average  amount  of  time  teachers  indicated  they  spent  in  preparing  each  lesson  for  the  unit 
was  60  minutes,  with  a  range  from  30  to  120  minutes. 

Thus,  although  there  were  two  fewer  sites  reporting  data  for  Unit  9  than  for  Unit  8  (1 1  for  9 
and13  for  8),  the  characteristics  of  the  sample  for  Unit  9  were  neariy  identical  to  the  Unit  8  sample. 
Approximately  100-150  students  in  10-13  sites  (depending  on  when  the  analysis  is  conducted ) 


iQue  to  missing  data,  the  pretst/posttest  student  demographics  don't  match  the  student  attitude 
demographics. 

^To  save  valuable  teacher  time,  the  teacher  questionnaire  no  longer  contains  items  on  the 
teachers'  physics/mathematics  backgrounds.  The  data  reported  below  are  from  the  Unit  7  data 
base;  since  the  sample 

has  stabilized,  these  data  should  remain  accurate  for  year  two. 


constitute  the  year  two  sample.  Although  this  is  smaller  than  the  year  one  sample,  it  remains  a 
sufficient  sample  to  permit  judgments  about  the  materials. 


PRETEST/POSTTEST  RESULTS 


Several  different  analyses  of  the  pretest/posttest  have  been  conducted.  The  reader  should 
keep  in  mind  that  all  reported  numbers  are  mean  scores  on  the  test,  which  contained  29  items. 

•  Mean  differences 

The  overall  pretest  mean  was  12.5.  The  overall  posttest  mean  was  22.1.  This  increase  was 
statistically  significant  (correlated  f-  test)  at  the  .01  level. 

The  level  of  statistically  significant  learning  gain  (.01)  is  consistent  with  the  gains  shown  for 
Units  1-8.  Table  1  compares  the  pretest/posttest  scores  for  Units  1-8. 

Thus,  Units  1 , 4, 5,  and  6  had  fairly  consistent  pretest-to-posttest  leaming  gains  measured  in 

percentage  of  correct  answers.  Leaming  gains  for  Units  2, 3,  and  7,  while  somewhat  lower,  were 

still  statistically  significant.  Yet  the  year  two  findings  (Units  8  and  9)  are  clearly  more  positive  than 

the  year  one  findings.  Why?  It  seems  reasonable  to  assume  that  the  smaller  year  two  sample 

contains  a  higher  caliber  of  students.  Also,  both  teachers  und  students  may  be  more 

comfortable  with  the  materals,  having  had  a  full  year  to  become  familiar  with  the  course  approach. 

The  materials  also  may  havo  improved.  Indeed,  there  is  probably  a  combination  of  factors  for  the 

better  year  tv/o  performance.  Whatever  the  reasons,  the  year  two  findings  are  certainly 

impressive. 

Individual  Items 

For  each  unit  tne  project  team  has  established  criteria  for  acceptable  performance  on  each  test 
item.  These  criteria  included  either: 

1)  70%+  correct  on  an  item,  or 

2)  doubling  of  the  pretest  score  on  the  posttest. 

Only  two  Unit  9  items  failed  to  meet  these  criteria.  This  is  the  best  item-by-item  performance  of 
3  entire  pilot  test.  The  items  that  did  not  meet  the  criteria  were  items  6  and  23.  Item  23  came 
very  close  to  meeting  the  criteria  (67%  correct  on  the  posttest),  which  leaves  only  Item  6  as  a 
concern.  Item  6  deals  with  the  constructive  interference  of  light  waves.  Both  the  test  item  itself 
and/or  the  coverage  of  the  material  should  be  examined. 
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With  so  few  items  that  failed  to  meet  the  criteria,  it's  not  surprising  to  note  that  students 
performed  satisfactorily  on  the  majority  of  items  for  each  of  the  subunits.  No  subunit  'seemed  to 
cause  the  students  particular  problems.  Only  for  Units  8  and  9  did  students  meet  the  criteria  for  a 
majority  of  items  in  each  subunit.  Tliis  is  additional  evidence  of  the  improved  test  performance  in 
year  two. 
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Table  1 
Principles  of  Technology 
Pretest  and  Posttest  Scores,  Units  1-9 


Unit 
1 

Number  of  Items 
30 

Pretest  Mean 
{%  correct) 
12.5(41%) 

Posttest  Mean 
(%  correct) 
20.1  (67%) 

2 

33 

13.6(41%) 

17.6  (53%) 

3 

30 

14.9(49%) 

19.4  (65%) 

4 

36 

16.4(46%) 

24.4  (68%) 

5 

35 

13.2  (38%) 

22.6  (65%) 

6 

30 

11.5  (38%) 

18.3  (61%) 

7 

34 

13.2  (39%) 

19.9  (59%) 

8 

25 

1 1 .9  (48%) 

18.9  (76%) 

9 

29 

12.6  (33%) 

22.1  (76%) 
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PRETEST/POSTTEST  BY  SELECTED  VARIABLES 


For  all  previous  units,  the  impact  of  several  variables  on  students*  test  performance  was 
examined,  including  students'  grade  and  sex,  teaching  pattern,  and  teachers*  physics  and 
mathematics  background.  However,  the  smaller  year  two  sample  precludes  making  the 
comparisons  en^ong  teacher  background  and  teaching  pattem;  there  are  simply  too  few  teachers 
to  make  reliable  comparisons.  So,  the  only  valid  comparisons  are  those  comparing  the  student 
characteristics  of  sex  and  grade.  Iriese  variables  were  analyzed  with  an  analysis  of  cov?jiance, 
which  controlled  for  pretest  scores.  Table  2  examines  the  results  of  this  analysis;  the  mean  scores 
reported  in  Table  2  are  for  the  posttest. 


Table  2 

Level  of 

Main  Effect                            Significance                      Subset  Mean  Score 

Sex                                      .563                           Male  (89)  22.48 

Female  (22)  20.95 

Grado                                   .326                           Tenth  (1)  20.00 

Elev^?nth(21)  23.29 

Twelfth  (92)  21.B9 

As  Table  2  illustrates,  neither  students'  sex  nor  grade  had  a  statistically  significant  effect  on 
their  performance.  These  findings  are  consistent  with  those  reported  for  Unit  8. 
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PRETEST/POSTTEST  RESULTS  BY  SITE 


Appendix  D  indicates  the  pretest/posttest  results  by  site.  All  eleven  sites  showed  statistically 
significant  (.01  level)  increases.  Table  3  examines  the  number  of  sites  showing  no  statistically 
significant  gains  for  each  of  the  first  nine  units. 

Table  3 


JM  SitPR  showint?  no  ^significant  gains 

1  1 

2  4 

3  4 

4  0 

5  1 

6  3 

7  1 

8  1 

9  0 


Again,  these  results  mi    be  interpreted  cautiously.  The  reduced  number  of  sites  and  the 
assumed  differences  in  the  composition  of  the  year  two  sample  mal<e  comparisons  across  units 
difficult  to  mal<e.  Nonetheless,  it  is  encouraging  to  note  that  all  sites  showed  significant  gains  for 
Unit  9. 
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STUDENT  ATTITUDE  FINDINGS 


As  discussed  erirlier  in  this  report  (see  the  instrumentation  section,  pages  6-8),  the  student 
attitude  questionnaire  was  completely  revised  for  year  two  of  the  pilot  test.  Very  little  was  retained 
from  the  questionnaire  that  was  used  during  year  one  of  the  project.  The  new  questionnaire 
contains  a  series  of  items  for  each  of  several  categories.  The  categories  include  students' 
reactions  to  the  unifs  objectives,  content,  video,  text,  and  laboratory  activities;  the  difficulty  of  the 
unit;  and  students'  satisfaction  with  the  unit.  Each  category  contains  a  series  of  statements  to 
which  students  respond  using  a  four-point  Likert-type  scale  ("strongly  agree"  to  "strongly 
disagree").  The  new  questionnaire  provides  more  information  about  students'  attitudes  than  the 
five-item  questionnaire  that  was  used  during  year  one  of  the  project.  Of  course,  collecting  more 
information  requires  additional,  valuable  classroom  time,  which  is  the  major  disadvantage  of  the 
new  questionnaire. 

There  are  a  number  of  ways  to  analyze  these  data.  The  simplest  is  to  report  the  frequency  of 
responses  to  each  item.  To  compare  responses  across  categories,  however,  it  helps  to  have  a 
numerical  total  for  each  category.  Since  a  four-point  scale  was  used  (with  four  being  the  most 
positive  and  one  the  most  negative),  we  can  amve  at  a  mean  score  of  between  one  and  four  for 
each  statement.  These  mean  scores  can  then  be  added  and  divided  by  the  total  number  of  items 
in  the  category  to  arrive  at  a  mean  score  for  each  category.  Both  the  frequencies  for  each  item  (in 
percentages)  and  a  mean  score  for  each  category  are  reported  below. 
Unit  Objectives 

Generally,  students  Indicated  that  they  found  the  unit  objectives  helpful.  Most  (90%)  agreed 
or  strongly  agreed  that  the  objectives  helped  them  understand  what  they  were  supposed  to  learn 
and  that  they  are  glad  the  objectives  are  printed  in  the  written  materials.  Fewer  (77%)  agreed  or 
strongly  agreed  that  they  used  the  objectives  to  guide  them  through  the  material.  The  overall 
mean  score  for  the  category  v;as  3.00.  (A  perfect  four  is  the  most  positive  score  possible.) 
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Unit  Content 

Most  students  (83%)  disagreed  or  strongly  disagreed  that  the  unit  had  too  much  information. 
Most  (86%)  agreed  or  strongly  agreed  that  the  unit  gave  examples  that  were  helpful  in 
understanding  the  concepts.  The  majority  (75%)  disagreed  or  strongly  disagreed  that  the 
content  of  the  unit  was  difficult  for  them  to  understand.  The  majority  (79%)  agreed  or  strongly 
agreed  that  the  content  will  probably  be  useful  In  future  jobs.  The  mean  score  for  the  category 
was  2.78.  Overall,  then,  the  majority  of  the  students  indicated  ^hat  the  amount  and  difficulty  of  the 
materia!  was  appropriate  for  them.  However,  a  quarter  (25%)  of  the  students  indicated  that  the 
information  was  difficult  for  them  to  understand. 
Unit  Video 

Most  students  (91%)  agreed  or  strongly  agreed  that  the  video  programs  helped  them  better 
understand  the  material.  Most  (89%)  agreed  or  strongly  agreed  that  the  video  programs  were 
interesting.  Most  (91%)  agreed  or  strongly  agreed  that  they  used  easy  to  understand  graphics. 
And  the  majority  (84%)  agreed  or  strongly  agreed  that  the  video  programs  helped  them  to  achieve 
the  unit  objectives.  The  overall  mean  score  for  the  video  category  was  3.09. 

Most  students  (87%)  agreed  or  strongly  agreed  that  the  text  materials  helped  them  achieve  the 
unit  objectives.  Most  (83%)  agreed  or  strongly  agreed  that  the  text  will  be  a  useful  reference  after 
taking  the  course.  The  majority  (75%)  disagreed  or  strongly  disagreed  that  the  text  used 
language  that  was  difficult  for  them  to  understand.  Most  (82%)  agreed  or  strongly  agreed  that  the 
text  had  enough  examples  to  help  them  understand  Ihe  important  concepts;  even  more  (89%) 
agreed  or  strongly  agreed  that  the  text  helped  them  understand  the  unit  concepts.  The  overall 
mean  score  for  the  text  category  was  2.96. 
Laboratory  Activities 

The  majority  oi  studarits  (78%)  agreed  or  strongly  agreed  that  the  lab  activities  helped  them 
achieve  the  unit  objectives.  The  majority  (60%)  disagreed  or  strongly  disagreed  that  the  lab 
activities  were  difficult.  The  majority  (65%)  agreed  or  strongly  agreed  that  the  time  periods  were 
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not  long  enough  to  complete  the  work.  The  overall  mean  score  for  the  category  was  2.68.  It's 
interesting  to  note  that  the  majority  of  students  indicated  that  the  time  periods  were  not  long 
enough  to  complete  the  lab  work,  which  is  what  the  teachers  also  have  been  indicating  in  their 
comments. 
Unit  DifficultY 

Over  a  quarter  (28%)  indicated  that  some  of  the  things  they  were  expected  to  learn  were  just 
too  hard.  Almost  as  many  (27%)  agreed  or  strongly  agreed  that  they  had  trouble  reading  the  unit 
text.  The  overall  mean  score  for  the  category  was  2.92. 
Studsnt  Satisfaction 

The  majority  (71%)  agreed  or  strongly  agreed  that  they  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day.  Few  (20%)  agreed  or  strongly  agreed  that  they  did  not  like  coming  to 
class.  And  most  (85%)  indicated  that  they  would  recommend  the  class  to  thdr  friends.  The 
overall  mean  score  for  the  category  was  2.93. 

Table  4  compares  the  mean  category  scores  to  those  for  Unit  8  (comparisons  with  Units  1-7  are 
impossible  because  the  questionnaire  was  not  used  for  those  units). 

Table  4 


Unit  objectives  3.03  3.00 

Unit  content  2.82  2.78 

Unit  video  2.93  3.09 

Unit  text  2.83  3.96 

Unit  labs  2.83  2.68 

Unit  difficulty  2.58  2.92 

Student  satisfaction  2.85  2.93 


In  Table  4,  it's  important  to  remember  that  scores  of  3  and  4  are  the  preferred  responses. 
Considfering  that  Principles  of  Technology  is  a  fairly  rigorous  science  course,  the  picture  that 
Table  4  depicts  for  students'  attitudes  about  Units  8  and  9  are  amazingly  positive.  Why?  A  careful 
examination  of  Table  4  reveals  that  the  highest  scores  were  those  for  the  video  programs.  One 
might  assume  that  the  video  programs  make  the  entire  course  much  nfx)re  palatable  to  students, 
by  showing  applications  of  the  concepts  In  the  real  worid.  One  other  noteworthy  finding  of  Table 

ERLC 


4  Is  that  the  difficulty  rating  for  Unit  9  (2,93)  was  more  positive  than  for  Unit  8  (2.58).  In 
combination  with  the  very  positive  prelest/posttest  findings,  this  serves  as  additional  evidence 
that  the  Unit  was  at  the  appropriate  level  for  the  target  audience. 
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TEACHER  RESULTS 

Questionnaires  were  received  from  eleven  teachers.  As  mentioned  earlier  in  this  report  (see 
the  instrumentation  section,  pages  6-8),  the  teacher  questionnaire  was  revised  substantially  from 
the  quesiionnaire  that  was  used  during  year  one  of  the  project.  Although  many  of  the  year  one 
items  were  maintained,  new  items  similar  to  those  used  for  the  student  attitude  questionnaire 
were  added.  These  items  focus  on  the  teachers'  reactions  to  the  objectives,  the  instmctional 
activities,  and  the  level  of  difficulty.  The  unit  daily  log,  witn  few  modifications  from  the  one  that  was 
used  during  year  one  of  the  project,  was  also  part  of  the  teacher  instrumentation.  The  findings 
reported  below  reflect  both  the  teacher  questionnaire  and  the  unit  daily  log.  Appendices  F  and  G, 
which  list  the  detailed  teacher  comments,  should  be  examined  carefully.  The  wealth  of  data 
contained  in  these  comments  is  difficult  to  encapsulate.  Overall,  the  teacher  findings  were  as 
follows: 
Unit  Objectives 

The  teachers  unanimously  affirmed  the  worth  of  the  unit  objectives.  All  agreed  or  strongly 
agreed  that  the  objectives  assisted  them  in  assessing  student  progress,  that  the  objectives 
helped  them  determine  what  to  teach,  and  that  the  objectives  were  presented  in  a  logical  order. 
Almost  all  teachers  also  indicated  that  the  objectives  reflected  what  the  unit  was  designed  to 
teach.  (Because  so  few  teachers  responded,  these  data  were  not  examined  by  mean  scores 
based  on  the  four-point  scale  as  were  the  student  attitude  data.) 
Unit  Instmctional  Activities 

All  teachers  indicated  that  the  unit  instructional  activities  were  related  to  the  unit  objectives  and 
that  the  activities  were  presented  in  the  correct  sequence.  However,  two  teachers  (18%) 
indicated  that  the  reading  level  of  the  instmctional  activities  was  too  difficult  for  most  of  their 
students. 
Unit  Content 

Most  teachers  (91%)  disagreed  or  strongly  disagreed  that  the  unit  content  was  too  detailed. 
Most  (91  %)  thought  the  material  was  presented  at  the  proper  level  of  difficulty  aid  ^at  the 
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material  contained  examples  that  were  helpful  to  students  in  their  understanding  of  unit  concepts. 
All  of  these  teachers  felt  the  content  contained  enough  examples  and  provided  enough 
summaries  of  important  points.  Finally,  all  teachers  indicated  that  they  thought  the  content 
provided  infonnation  that  will  be  useful  for  students  in  their  future  employment.  As  we  have 
already  seen  (see  the  Student  Attitude  section),  the  students  themselves  also  thought  the 
material  contained  infonnation  that  will  be  useful  to  them  in  their  future  employment. 
Teachfir  Comfort 

All  teachers  indicated  that  they  fett  comfortable  teaching  the  material  in  Unit  9. 
Time 

The  nriajority  (69%)  indicated  that  the  six-day  plan  of  50-minute  class  sessions  per  subunit  is  a 
realistic  time  allotment  for  Unit  9. 
Student  homework  assignments 

Almost  half  (46%)  indicated  that  half  or  fewer  than  half  their  students  typically  completed  the 
homework  assignments  for  the  unit.  Interestingly,  close  to  the  same  number  (40%)  indicated  that 
fewer  than  half  their  students  typically  completed  their  homework  assignments  for  other  courses 
that  they  teach.  It  seems  that  students'  completion  of  homev/ork  assignments  is  probably 
affected  more  by  the  students*  motivation  than  by  the  nature  of  the  materials. 
Teacher's  guide 

The  majority  of  teachers  (73%)  thought  the  teacher's  guide  provided  them  with  enough 
information  to  successfully  implement  the  unit.  A  few  teachers  thought  some  of  the  problems 
needed  more  explanation  in  the  text. 
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Appropriateness  for  students 

Generally,  teachers  tended  to  indicate  that  each  day  of  instojction  was  appropriate  for  their 
students. 
Problems 

To  the  question,  "What,  if  anything,  caused  you  ths  most  problems  in  teaching  the  unit  on 
WAVES  AND  VIBRATIONS?"  twelve  teachers  responded.  The  problems  reported  include: 

-  Hands-cn  labs,  lack  of  equipmeirt,  etc.  (ten  teachers) 

-  Mathemat*'^  and  mathematics  fomiulas  (one  teacher) 

-  Material  ne  .'to  instructor  (one  teachei) 

These  findings  are  consistent  with  those  teachers  reported  for  Units  1-8.  Availability  of 
equipment  for  the  hands-on  labs  continues  to  cause  teachers  the  most  problems.  On  the  other 
hand,  teachers  continue  to  affirm  the  appropriateness  of  most  of  the  material  for  their  students.  - 
and  most  of  them  thought  the  material  was  presented  at  the  proper  level  of  difficulty.  Finally,  many 
specific  recommendations  for  changes,  including  errors  in  the  text,  are  contained  in  the  teacher's 
comments.  Overall,  the  teachers  tended  to  be  fairly  positive  about  Unit  9. 


CONCLUSIONS 


It  is  important  to  remember  that  the  entire  pilot  test  is  part  of  the  overall  fonnative  evaluation 
process.  Data  are  being  collected  from  the  consortium  review  team,  consortium  representatives, 
and  from  teachers  and  students  at  the  pilot  sites.  These  data  are  then  used  as  a  basis  for  making 
revisions  in  the  materials. 

Certainly,  then,  this  report  contains  much  useful  information. 


1)  Overall,  a  statistically  significant  (.01  level)  learning  gain  took  place.  This  learning  gain  was 
" '  independent  of  students'  sex  and  grade.  Students  equaled  the  highest  posttest  score 

(76%;  the  same  as  for  Unit  8)  and  had  the  greatest  mean  gain  from  pretest  to  posttest  (33%) 
for  any  unit  of  the  pilot  test. 

2)  Students  failed  to  meet  the  project  criteria  for  only  two  items,  the  fewest  for  any  unit  so  far  in 
the  pilot  test. 

3)  Student  attitudes  were  generally  positive,  especially  about  the  value  of  the  unit  objectives. 
They  were  also  positive  about  the  unit  videos,  text,  labs,  and  overall  content.  However, 
about  a  quarter  of  the  students  indicated  that  they  had  trouble  reading  the  text  material  and 
that  some  of  the  things  they  were  expected  to  leam  were  too  hard.  Nonetheless,  most 
students  also  indicated  an  overall  sense  of  satisfaction  with  the  unit  and  thought  that  the 
content  of  the  unit  will  probably  be  useful  in  future  jobs. 

4)  Teachers  affirmed  the  appropriateness  of  most  of  the  material  for  their  students.  Like  their 
students,  teachers  also  affirmed  the  value  of  the  instructional  objectives.  However,  two 
teachers  found  the  reading  level  of  the  instructional  activities  too  difficult  for  most  of  their 
students. 

5)  Teachers'  comments  indicated  that  the  most  problems  were  encountered  with  the  hands- 
on  labs.  This  is  consistent  with  the  findings  for  the  first  eight  units.  It  should  be  pointed  out 
that  most  of  the  problems  reported  were  with  simply  getting  the  equipment.  Once  teachers 
have  the  equipment,  most  of  the  labs  seem  to  wori<  satisfactorily. 

6)  Although  the  teachers  were  generally  quite  positive  about  the  unit,  they  did  recommend 
several  specific  changes,  v;hich  can  be  found  in  their  attached  comments. 

Overall,  the  Unit  9  findings  were  the  most  positive  yet  for  the  Principles  of  Technology  pWol 

test.  These  positive  findings  spanned  the  pretest/posttest  results,  the  student  attitude  findings, 

and  the  teacher  reactions.  There  is  much  to  be  encouraged  about  in  this  report.  As  with  all 

formative  evaluations,  teachers  also  pointed  out  enors  and/or  perceivt^d  inaccuracies  in  the 

materials.  As  usual,  the  developers  should  closely  consider  these  findings. 
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Appendix  A 
Participating  Agencies 


Alabama  State  Department  of  Education 
Division  of  Vocational  Education 

Alasl<a  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

Arkansas  State  Department  of  Education 
Vocational  and  Technical  Education  Division 

Califomia  State  Department  of  Education 
Division  of  Vocational  Education 

Colorado  State  Board  for  Vocational  Education 

Delaware 

New  Castle  County  Vocational-Technical 
School  District 

Florida  Department  of  Education 
Division  of  Vocational  Education  and  Office 
of  Instructional  Television  and  Radio 

Georgia  Department  of  Education 
C?fice  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

Illinois  State  Board  of  Education 
Department  of  Adult,  Vocational  and 
Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 

Iowa  Department  of  Public  Instmction 
Career  Education  Division 

Kansa  >  State  Department  of  Education 
Community  College  and  Vocational  Education 
Division 

Kentucky  Department  of  Education 
Division  of  Vocational  Education 

Louisiana  State  Department  of  Education 
Office  of  Vocational  Education 
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Maine  State  Department  of  Educational  and 
Cultural  Services 

Bureau  of  Vocational  Education/Division 

of  Program  Services 

Maryland  State  Department  of  Education 
Division  of  Vocational/Technical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intermediate  School 
District  916 

Mississippi  State  Department  of  Education 
Vocat:ond-Technical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Montana  Office  of  Public  Instruction 
Department  of  Vocational  Education  Services 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

New  Mexico 
A  consortium  of  school  districts 

North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  Education 
Division  of  Vocational  and  Career  Education 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

Oregon  Department  of  Education 
Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Isiand  State  Department  of  Education 
Division  of  Vocational  Education 

South  Carolina  Department  of  Education 
Office  of  Vocational  Education 

TVOntario 

Tennessee  State  Department  of  Education 
Division  of  Vocational  Education 

Utah  State  Office  of  Education 
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Vermont  State  Department  of  Education 
Division  of  Adult  and  Vocational-Technical 
Education 

Virginia  Department  of  Education 
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Appr;ndlx  C 
Student  Test 


0-3.  M.I-2. 1-3, 1-4,1-5. 1-7 

Use  the  following  respones  to  answer  items  1-5.  When  completed,  the  following  statements 
include  the  important  characteristics  used  to  describe  mechanical  waves. 

a.  The  distance  between  any  pair  of  adjacent  particles  that  are  in  phase. 

b.  The  number  of  seconds  that  it  takes  each  wavelength  to  pa&s  a  fixed  point. 

c.  The  number  of  wavelengths  that  pass  by  any  fixed  position  each  second. 

d.  .The  distance  the  molecules  are  displaced  from  their  neutral  position  during  wave  motion. 

e.  Equal  to  the  product  of  the  wavelength  and  frequency  of  the  wave. 


Pre 

East 

14 

79 

1 .  The  amplitude  of  a  mechanical  wave  is  ^L- 

12 

84 

2.  The  wavelength  of  a  mechanical  wave  is  jl  • 

25 

77 

3.  The  frequency  of  a  mechanical  wave  is  c  . 

21 

74 

4.  The  period  of  a  mechanical  wave  is  Ja. 

27 

75 

5.  The  wave  speed  of  a  mechanical  wave  is  ^  . 

11-4 

6.  An  optica!  flat  and  light  waves  are  used  to  measure  the  flatness  of  a 
machined  surface.  The  bright  area  or  bands  seen  in  an  interference  pattem 
of  light  waves  are  the  n^sutt  of  . 

27  6  a.  light  intensity 

31  57  *  b.  constructive  interference  of  light  waves 

25  17  c.  destructive  interference  of  lightwaves 

15  19  d.  revertDerations 

11-4 

7.  A  "dead  spot"  in  an  auditorium  is  caused  by  ^of  sound  waves. 

12  3  a.  beats 

21  8  *  b.  constructive  Interference 

43  74  c.  destructive  interference 

14  15  d.  reverberations 

11-7 

8.  Damping  pads  and  shock  absort)ers  are  placed  on  machines  to  prevent 
damage  due  to  ^within  the  machine. 

11       3  a.  thermal  overheating 

33      10  b.  sound  wave  interference 

27      87        *  c.  resonant  vibrations 
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9.  The  traffic  failure  of  the  Tacx)ma  Narrows  Bridge  is  an  example  of . 


10  82  *  a.  wind  gusts  in  phase  with  a  natural  frequency  of  vibration  of  the  bridge 

12  13  b.  wind  gusts  out  of  phase  with  a  natural  frequency  of  vibration  of  the  bridge 

53  3  c.  the  complete  absence  of  resonance 

24  3  d.  no  transfer  of  energy  from  the  wind  to  the  bridge 

11-1,11-2,11-3. 11-5, 11-6 

Use  the  following  responses  to  answer  items  10-14.  When  completed,  the  following  statements 
include  the  important  characteristics  used  to  describe  the  interaction  of  waves. 

a.  Wave  interference.  b.  Constructive  interference. 

c.  Destructive  interference.  d.  Natural  frequency. 

e.  Resonance. 

15  68  10.  When  forced  vibration  matches  the  natural  frequency  of  an  object  and  trans- 
fers energy  efficiently  to  the  object,  the  condition  known  as     e  exists. 

18      67      11.  When  two  or  more  waves  in  a  medium  pass  through  tho  same  point  at  the 
same  time,  the  medium  responds  to  each  wave.  The  waves  overlap  and 
create  a  concfrtion  known  as    a  . 

46  81  12.  When  two  identical  waves  interfere  at  a  point,  they  produce  the  same  effect 
as  twice  that  of  one  of  the  waves.  This  effect  is  known  as  b  . 

12      79      13.  When  two  identical  waves  interfere  at  a  point  they  produce  the  same  effect 
as  no  wave  at  all.  this  effect  is  known  as  c  . 

41  78  1 4.  One  end  of  a  hacksaw  blade  is  clamped  in  a  vise  as  shown.  The  other  end  is 
displaced  and  released.  The  blade  vibrates  back  and  forth  as  at  a  rate  known 
as 


1 5.  A  swing  holding  a  child  makes  a  complete  oscillation  (away  and  back  again) 
every  four  seconds.  The  natural  frequency  of  the  swing  Is  . 


43 

12 

a. 

34 

9 

b. 

14 

78 

*  c. 

6 

2 

d. 

63 
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Pre  EqsI 


12  7 
24  b9 
23  4 


1-1 

1 6.  For  a  wave  to  be  considered  a  harmonic  wave  (sine  wave) . 


a.  it  must  transmit  energy  with  a  single  nonrepeating  pulse. 

b.  it  must  transmit  energy  with  a  repeating  pulse  of  constant  waveform. 

c.  it  must  transmit  energy  with  a  nonuniform  pulse. 


1-8. 1-9. 1-10 

Use  the  graph  of  the  continuous  sine  wave  shown  below  to  complete  items  1 7-22.  The  graph  is  a 
drawinq  of  a  wave  traveling  along  a  rope,  from  left  to  right  at  one  instant  in  time. 


« 

r 


40 
22 
17 
11 


5 
6 

76 
13 


1 7.  The  distance  between  point  8  and  point  16  is  . 

a.  the  amplitude  (A)  of  the  wve 

b.  the  frequency  (f)  of  the  wave 

*  c.  the  wavelength  (>)  of  the  wave 
d.  the  period  (T)  of  the  wave 

1 8.  The  vertical  distance  between  the  zero  line  (neutral  position)  and  point  2  is 


15 
50 
20 
10 


22 
23 
21 
7 


89 
3 
3 
5 


6 

88 
1 
5 


*  a.  the  amplitude  (A)  of  the  wave 

b.  the  frequency  (f)  of  the  wave 

c.  the  wavelength  (  )  of  the  wave 

d.  the  period  (T)  of  the  wave 

19.  The  particles  represented  by  points  1 , 9,  and  33  are . 


a.  located  in  troughs  of  the  sine  wave 

*  b.  in  phase  with  each  other 

c.  out  of  phase  with  each  other 

d.  located  on  peaks  of  the  sine  wave 

20.  When  you  watch  the  wave  above  move  along  the  rope,  you  observe  that  five 
cycles  (wavelengths)  move  past  point  1 6  every  two  seconds.  The  frequency 
of  the  wave  is  . 


15 

6 

a. 

15 

81 

*  b. 

65 

6 

c. 

3 

7 

d. 

2.5  cycles/sec 
10  cycles/sec 
80  cycles/sec 

21 .  It  takes  0.4  seconds  for  one  cycle  (wavelength)  in  the  wave  above  to  pass  by 
point  1 6.  The  speed  of  the  wave  is  . 


18 

10 

a. 

0.2  seconds 

50 

82 

*  b. 

0.4  seconds 

14 

3 

c. 

0.1  seconds 

16 

5 

d. 

0.3  seconds 

30 
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22.  Each  crest  on  the  wave  above  moves  a  horizontal  distance  of  60  centimeters 
in  three  seconds.  The  speed  of  the  wave  is  . 


22      7  a.  60cna/sec 

46      19  b.  180  cm/sec 

19      13  c.  30cna/sec 

11  61         *  d.  20c^sec 

In  the  following  three  statements,  match  the  lettered  phrases  on  the  right  with  the  correct 
description  dr  the  left.  On  your  answer  sheet  fill  in  the  appropriate  response. 

0-1 

60      67      23.       The  transfer  of  energy  from         a.  electromagnetic  waves 

one  place  to  another  without 
the  transfer  of  matter  b.  wave  motion 

0-2  c.  mechanical  waves 

1 4      72      24.       The  transfer  of  energy  through  a 

vacuum. 

0-2 

25      67      25.   C  The  transfer  of  energy  through 

elastic  mediums. 

0-4. 1-11 

26.  When  a  mechanical  wave  is  passing  through  an  elastic  medium,  if  the 
vibrations  of  the  individual  particles  are  pemendictjlar  to  the  motion  of 
wave  propagation  (movement)  the  wave  is  called  . 

12  20  a.  a  longitudinal  wave 
21       6           b.  a  sound  wave 

43      74        *  c.  a  transverse  wave 

0-4, 1-11 

27.  When  a  mechanical  wave  Is  passing  through  an  elastic  medium.  If  the 
vibrations  of  the  individual  particles  are  parallel  to  the  direction  of  wave 
propagation  (movement)  the  wave  Is  called  . 

12      77        *  a.  a  longitudinal  wave 

16       5  b.  an  electromagnetic  wave 

11       18  d.  a  transverse  wave 


31  640 
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28.  The  distance  between  similar  points  on  two  separate  sine  waves,  often 
measured  in  degrees,  is  . 

a.  the  phase 

b.  the  frequency 

*  c.  the  phase  difference 
d.  the  frequency  difference 


29.  In  the  diagram  of  the  sine  waves  shown  below  the  two  waves  are  out  of 
phase  with  each  other  by  . 


1-8 


*  a.  1/4  wavelength  or  90* 

b.  1/2  wavelength  or  180* 

c.  3/4  wavelength  or  270' 

d.  1  wavelength  or  360* 
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Student  Attitude  Questionnaire 

All  numbers  in  % 
N  =  133 

Mean  scores  in  parenthe  es 

Grade  (12th  =  83;  11th  =  15: 10th  =  1) 
Sex  {M  =  81:F  =  19) 

PURPOSE 

Your  honest  answers  to  the  questions  on  this  form  will  help  improve  this  Principles  of  Technology 
unit  for  other  students.  Your  responses  to  the  follv.'Oing  items  are  appreciated. 

DIRECTIONS 

Below  are  a  list  of  statements.  Please  read  each  statement  and  answer  whether  you  strongly 
agree,  agree,  disagree,  or  strongly  disagree  by  checl<ing  the  appropriate  box.  Place  a  check  mark 
f-v^  in  only  one  box  for  each  statement. 


Strongly  Strongly 
Agree    Agree  Disagree  Disagree 


UNIT  OBJECTIVES  (x  =  3.00) 
For  this  unit: 

',.  the  objectives  helped  me  understand  what  I 
was  supposed  to  learn  (x=3.08) 

2.  I'm  glad  the  objectives  are  printed  in  the  written 
materials  (x  =  3.11) 

3.  I  used  the  objectives  to  guide  me  through  the 
material  (x  =  2.83) 

General  Comments  on  Unit  Objectives: 


17 
23 
10 


72 
67 
67 


10 
8 

19 


1 
2 

4 


UNIT  CONTENT  (x  =  2.72) 
The  content  of  this  unit: 


4. 

had  too  much  information  (x  =  2.55) 

2 

15 

70 

13 

5. 

gave  examples  helpful  in  understanding 

concepts  (x  =  2.91) 

78 

11 

2 

6. 

was  too  difficult  for  me  to  understand  (x  =  2.79) 

1 

17 

55 

27 

7. 

will  probably  be  useful  in  future  jobs  (x  =  2.90) 

15 

63 

17 

5 

General  Comments  on  Unit  Content: 
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strongly  Strongly 
Agree    Agree  Disagree  Disagree 


UNIT  VIDEO  (x  =  3.09) 

The  video  programs  for  this  unit 

8.  helped  me  to  better  understand  the  text 

material  (x=«  3.10)  21         69         9  1 

9.  were  interesting  (x  =  3.04)  19  70  9  2 

10.  used  easy  to  understand  graphics  (x  =  3.13)      21  S9  8  1 

1 1 .  helped  me  to  achieve  the  unit  objectives  (x==3.09)  9  75  16 
Genera!  Comments  on  Unit  Video: 

UNIT  TEXT  (x=2.96) 
The  unit  text  materials: 

12.  helped  me  to  achieve  the  unit  objec- 
tives (x  =  3.G1)  M        73         12  1 

1 3.  will  be  a  useful  reference  after  taking 

the  course  (x  =  2.99)  16         66         17  1 

14.  used  language  difficult  for  me  to  under- 
stand (x  =  2.92)  2         23         56  19 

15.  had  enough  examples  to  help  me  understand 

the  important  concepts  (x  =  2.88)  6         76        17  1 

1 6.  helped  me  to  understand  the  unit  con- 
cepts (x=  2.98)  8         80        11  1 

General  Comments  on  Unit  Text: 

LABORATORY  ACTIVITIES  (x  =  2.68) 
The  unit  lab  activities: 

1    helped  me  achieve  the  unit  objectives  (x=2.80)  8         66        18  6 

1 8.  were  difficult  (x  =  2.68)  3         3  6        49  1  2 

19.  time  periods  were  not  Song  enough  to 

complete  the  wori<  (x  =  2.28)  12         52        29  7 

20.  in  general, '  liked  them  (x  =  2.97)  14  62  21  3 
General  Comments  on  Laboratory  Activiti^^^s: 
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strongly  Strongly 
Agree    Agree  Lisagree  Disagree 


UNIT  DIFFICULTY  (x  =  2.92) 
For  this  unit: 

21 .  some  of  the  things  we  were  expected  to 

leam  were  just  too  hard  (x   2.93)  3         25        48  24 

22. 1  had  trouble  reading  the  unit  text  mate- 
rials (x  =  2.91)  3  24         52  21 

Genera!  Comments  on  Unit  Difficulty: 


STUDENT  SATISFACTION    (x  =  2.93) 
For  this  unit: 

23. 1  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day  (x  =  2.75) 

24. 1  did  not  like  coming  to  class  (x  «  2.98) 

25. 1  would  recommend  it  to  my  friends  (x  =  < 

Genera!  Comments  on  Student  Satisfaction: 


8 

63 

25 

4 

7 

13 

55 

25 

22 

6? 

14 

1 
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Teacher  Questionnaire 


All  numbers  in  % 
N=12 


PURPOSE 

The  primary  purpose  of  this  questionnaire  is  to  provide  teacher  infonnation  for  facilatating 
Improvement  of  the  Principles  of  Technology  curncuhm.  Specifically,  this  fomi  is  designed  to 
assess  the  appropriateness  of  Principles  of  Technology  unH  objectives  and  the  appropriateness 
of  instructional  activities,  resources,  curriculum  content,  and  instructional  planning  needed  to 
accomplish  these  objectives. 

DIRECTIONS 

Below  are  a  list  of  statements.  Please  read  each  statement  and  indicate  whether  you  strongly 
agree,  agree,  disagree,  or  strongly  disagree  by  checking  the  appropriate  box.  Place  a  check  mark 
in  only  one  box  for  each  statement. 

Strongly  Strongly 
Agree    Agree  Disagree  Disagree 

UNIT  OBJECTIVES 

The  unit  objectives: 

1 .  assist  me  in  assessing  student  progress  1 8  82 

2.  don't  reflect  what  the  unit  is  designed  to  teach  20        20  60 

3.  help  me  determine  what  to  teach  50        40  10 

4.  are  presented  in  logical  order  27        73  - 
General  Comments  on  Objectives: 

See  attached  comments 


UNIT  INSTRUCTIONAL  ACTIVHIES 

The  unit  instructional  activities: 

5.  are  related  to  unit  objectives  18  82 

6.  are  presented  in  the  correct  sequence  18        82  - 

7.  require  a  reading  level  that  is  too  difficult 

for  most  students  9  9         64  18 

General  Comments  on  Instnjctional  Activities: 
Seec*  ached  comni3i)t$ 
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S:rongly  Strongly 
Agree    Agree  Disagree  Disagree 


UNIT  CONTENT 

The  unit  content: 

8.  was  too  detailed  -         9  82 

9.  was  presented  at  the  proper  level  of  difficulty      -        91  9 

10.  contained  examples  that  were  helpful  to  students 

in  their  understanding  of  unit  concepts  18        73  9 

1 1 .  contained  enough  examples  18  82 

1 2.  provided  enough  summaries  of  important  points  -  100 

13.  provided  enough  information  that  will  be  useful 

for  students  in  their  future  employment  27  73 

General  Comments  on  Unit  Content 
See  attached  comments 


PERCEPTIONS  OF  INSTRUCTIONAL  PLANNING 

14.  On  average,  how  many  hours  did  you  spend  preparing  to  teach  each  lesson  in  this  unit?  (60 
minutes) 

15.  Approximately  how  much  time,  on  average  did  you  expect  students  to  spend  on  homework 
each  day? 

[  ]  None  [1 0]  About  one  hour 

[50]  About  1 5  mintues  [1 0]  Two  hours  or  more 

[30]  About  half  an  hour 

1 6.  What  percentage  of  students  typically  completed  your  homework  assignments  for  this  unit? 

[27]  Fewer  than  25%  [27]  50-74% 

[1  ^1  26-49%  [271 75%  and  above 

1 7.  What  percentage  of  students  typically  completed  your  homework  assignments  for  other 
courses  that  you  teach? 

[20]  Fewer  than  25%  [40]  50-74% 

[20]  26-49%  [20]  75%  and  above 
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18.  Do  you  feel  the  teacher's  guide  material  provided  you  with  enough  ii-iformation  to  help  you 
teach  the  unit? 

[1 8]  Definitely   [55]  Probably    [27]  Probably  not    [-]  Definitely  not 
If  not.  what  should  be  added  to  the  guide  to  make  it  more  useful? 
See  attached  comments 

19.  Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit,  of  50-minute  class 
sessions  is  realistic  for  this  unit? 

[33]  Yes,  definitely  [    ]  No,  probably  not 

[67]  Yes.  probably  [    j  No,  definitely  not 

20.  Overall,  did  you  feel  comfortable  teaching  the  materials  in  this  unit? 

[58]  Yes.  definitely  [   ]  No.  probably  not 

[42]  Yes,  probably  [    ]  No.  definitely  not 

If  no.  please  explain: 

See  attached  comments 

21.  What,  if  anything,  caused  you  the  most  problems  in  teaching  this  unit? 
See  attached  comments 

22.  What  did  you  like  the  most  in  teaching  this  unit? 
See  attached  comments 

General  Comments  on  Perceptions  of  Instructional  Planning: 
See  attached  comments 

23.  Did  you  teach  this  unit  on  consecutive  days  for  26  days? 
[64]  Yes    [36]  No 

If  no.  what  pattern  did  >  "^u  use  (fOi  examples,3  days  a  week)? 
See  attached  comments 

24.  How  much  time  per  class  session  did  you  devote  to  this  unit? 

[67]  50  mintuGS  or  less  [17]  61-90  minutes 

[16]  51-60  minutes  [   ]  91+  minutes 

25.  Did  you  combine  any  of  the  unifs  classes  into  one  session  (for  example,  teach  classes  C1 
and  C2  in  one  session)? 

[36]  Yes    [64]  No 

If  yes.  which  clabses  did  you  combine? 
See  attached  comments 
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26.  Were  there  any  special  circumstances  which,  in  your  opinion,  may  have  influenced  the  pre- 
or  posttest  scores  (e.g.,  lack  of  time,  faulty  lab  equipment,  scnool  holidays,  fire  drill)? 

See  attached  comments 

General  Comments: 

See  attached  comments 
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Teacher  Questionnaire  Comments 


General  Comments  on  Objectives 


1 .  Objectives  are  iielpful,  especially  to  teacher.  My  impression  is  that  they  are  largely  ignored 
by  students. 

2.  Good,  I  like.  (#17) 


ERIC 


e'6i 

41 


General  Comments  on  Instructional  Activities 


1 .  There  should  not  be  a  problem  if  any  effort  is  made  by  the  students.  (#30) 


4260,0 


General  Comments  on  Unit  Content 


1.  Good.  (#62) 

2.  Too  many  errors  in  print.  (#63) 

3.  Some  students  lil<e  the  examples  given  in  boxes  as  in  the  past  units.  (#36) 

4.  We  may  not  use  all  of  the  examples  or  sample  problems  provided,  in  this  and  other  units, 
but  it's  good  for  them  to  be  there  if  and  when  they're  needed.  (#35) 

5.  No  problem.  (#17) 


^  653 


Question  1$  Comments 


Do  you  feel  thf^  teacher's  guide  material  provided  you  with  enough  Information 
to  help  you  teach  the  unit?  If  not,  what  should  be  added  to  the  guide  to  make  it 
more  useful? 

1.  More  math  help.  (#25) 

2.  When  problems  are  calculated  all  steps  are  not  included  in  teachei*  manual.  (#63) 

3.  Moie  explanation  of  everything,  like  the  math  problem  on  page  89  (#B).  I  know  hov;,  but  it's 
been  a  while  for  me  since  IVe  done  this,  I  would  have  liked  to  check  my  work.  (#37) 


44 


Question  20  Comments 


Overall,  did  you  fee-:  «  teaching  the  materials  In  thi^  unit?  If  no, 

please  explain. 

no  comments 
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Question  21  Comments 


What,  if  anything,  caused  you  the  most  problems  in  teaching  this  unit? 

1 .  Some  of  >'he  material  was  new  for  me,  no  equipment  continues  to  be  a  problem.  (#38) 

2.  Labs  -  poor  design.  (#25) 

3.  Delivery  of  equipment  needed  -  example  accelerometers  arrived  on  day  of  lab.  (#78) 

4.  Lack  of  equipment.  (#42) 

5.  Lab  9*3.  (#63) 

6.  Lab  equipment.  (#0/) 

7.  Lack  of  proper  equipment  for  the  labs.  (#^^) 

8.  Labs  -  we  cant  do  many  at  all.  (#37) 

9.  Getting  trig  across  to  students.  (#13) 

10.  Not  having  proper  lab  equipment  and  not  having  enough  time  for  the  students  to  absorb 
the  material.  (#35) 

1 1.  As  always,  acquisition  of  materials  is  most  time-consuming  and  frustrating,  especially  when 
hours  are  invested  in  searching  for  unobtainable  components.  (#30) 

12.  No  lab  equipment  for  this  unit.  (#17) 
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Question  Comments 


What  did  you  like  most  In  teaching  this  unit? 

1 .  Learning  new  conceptsi  (#38) 

2.  Something  I  hadn't  studied  much  before.  (#25) 

3.  I  workud  in  industry  for  four  years  on  vibration  testing  and  analysis  -  gave  me  a  chance  to 
check  my  knowledge.  (#78) 

4.  I  found  the  entire  unit  fun  to  teach  and  very  challenging.  (#63) 

5.  Labs.  (#07) 

6.  The  way  it  was  presented.  I  was  familiar  with  the  subject  of  waves  so  therefore  this  unit  was 
rather  easy  for  me  to  teach.  (#36) 

7.  The  concept  and  applications.  (#37) 

8.  The  f low  of  infonration.  #13) 

9.  Realty  useful  and  interesting  applications  are  available  in  this  unit.  Many  are  possible  using 
student  interest  in  rusio.  (#30) 

1 0.  Clear  and  good  ideas.  (#17) 
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General  Comments  on  Perceptions  of  Instructional  Planning 

1 .  I  really  have  to  dig  and  I'm  sure  most  teachers  are  in  the  same  boat.  (#38) 

2.  G  .d.  (#25) 

3.  Good  unit.  (*V8) 

4.  My  problem  is  not  having  time  to  complete  each  lab  prior  to  conducting  a  class  on  the 
lab.  (#63) 

5.  Very  well  thought  out.  ^#13) 

6.  This  course  is  very  time-intensive.  Lecture  planning  with  demo  set  ups,  lab  set  ups  and 
breakdowns,  materials  acquistions,  testing,  and  lab/test  correction  require  even  more  time 
and  always  will.  (#30) 
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Question  23  Comments 


Did  you  teach  this  unit  on  consecutive  days  for  26  days?  If  no,  w^at  pattern  did 
you  use  (for  example,  3  days  a  week)? 

1  Tow  -  three  days  a  week.  (#25 

2.  Short  unit.  Took  20  days  to  cover  thoroughlyjnstead  of  5  as  suggested.  (#78) 

3.  Two  days  a  wek,  two  hours  a  day.  (#13) 

4.  We  did  Unit  9  in  9  class  sessions,  including  testing.  (#35) 

5.  Double  periods  per  day,  alternating  weeks.  (#30) 
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Question  25  Comments 


Did  you  combine  ■^ny  of  the  unit's  classes  Into  one  session  (for  example,  teach 
classes  CI  and  C2  In  one  session)? 

1.  Labs  9*3  and  9*4  were  done  simultan  -  ously  due  to  limited  equipment.  (#63) 

2.  C1  and  02.  (#07) 

3.  Combined  some  lacture;  integrated  some  of  the  math  material  into  C1  and  C2  sessions. 
(#35) 

4.  C0,C1,andC2;MS1,L1,L2.  (#30) 
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Question  26  Comments 


Were  there  any  special  circumstances  which,  In  your  opinion,  may  have 
influenced  the  pre-  or  posttes'.  scores  (e.g.,  lack  of  time,  faulty  lab  equipment, 
school  holidays,  fire  drill  In  t^e  middle  of  the  exam)? 

1.  No  equipment.  (#38) 

2.  Lack  of  equipment  by  Sargent-Welch,  Scientific  Labs,  or  anybody.  (#62) 

3.  Posttest,  lack  of  time,  assembly  took  part  of  hour  leaving  only  25  minutes  for  completion  of 
tst.  (#78) 

4.  No  lab  equipment.  (#42) 

5.  Lab  equipment  not  available.  (#63) 

6.  We  did  not  do  lab  9*2  or  9*4.  (#07) 

7.  Posttest  scores  were  good  except  for  one  students.  If  the  proper  lab  equipment  had  been 
available,  his  score  may  have  been  improved.  (#36) 

8.  Faulty  lab  equipment  is  a  gross  problem  for  us  t:  *s  year.  The  kids  and  the  course  are  missing 
out  on  a  lot  du**  to  this.  (#37) 

9.  The  pretest  scores  in  some  instances  do  not  reflect  the  "best  guesses'*  of  the  students. 

I  noticed  some  "E"  choices  of  answers  for  questions  where  that  wasn't  a  possibility.  (#35) 

1 0.  Senior-rtis  continually  present  in  at  least  4  cases.  TonfK)r''ow  is  high  school  Superbowl  game 
in  which  3  senior  football  players  are  participating;  last  night  was  the  Superbow!  dinner. 
Skipping  labs  due  to  lack  of  equipment  p.v.  duces  very  concentrated  class  meetings  and 
attendance  has  been  a  problem  with  at  least  Senior-itis  ladies.  (#30) 

11.  Did  not  do  labs.  (#17) 
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General  Comments 


1.  On  the  whole  a  good  unit.  (#36) 

2.  In  general, !  found  this  to  be  a  very  timely,  useful  and  well-written  unit.  The  videos  had 
broad  usefulness  and  wil!  be  shown  in  other  classes  as  well  as  PT.  (#30) 
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Appendix  G 
Unit  Daily  Log 


PURPOSE 

The  purpose  of  the  Unit  Daily  Log  is  to  provide  a  regular  source  of  teacher  informc  fon  for 
improving  the  Principles  cf  Technology  cunriculum. 


DIRECTIONS 

The  left  column  on  the  following  chart  lists  each  activity  for  this  particular  unit.  Since  there  are  no 
materials  specifically  for  the  s^jbunit  review  classes,  these  classes  have  not  been  listed  in  the 
chart. 

For  columns  1-5  on  the  attached  chart: 

1.  Circle  "Y"  (yes)  or  "N"  (no):  Were  the  readings,  labs,  or  videos  appropriate  (e.g.,  grade  level, 
sufficient  quantity  of  material)  for  your  students?  If  not,  specify  modifications  in  column  5. 

2.  Circle     (yes)  or  "N"  (no):  Were  you  able  to  cover  the  content  in  the  50-minute  time 
period? 

3.  Briefly  describe  any  errors  or  inaccuracies  in  the  mate.nal. 

4.  Briefly  describe  any  problems  you  had  in  managing  the  material.  Among  others,  this  may 
include  problems  in  coordinating  lab  rotations,  lab  set-up,  and  maintaining  student  in- 
terest. 

5.  Briefly  list  suggestions  for  modifying  the  material.  Describe  "teaching  tips'*  for  future  teachers. 

We  recommend  that  you  take  a  few  minutes  each  day  to  complete  the  charts.  If  you  need  more 
space  for  comments,  use  the  back  of  the  charts  and/or  attach  additional  pages. 
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Unit 

MppropriaiG 
for  students? 

oompietea  in 
50-60 :7iinutes? 

Did  you  discover  any  errors  or 
inaccuracies?  it  so,  please 

ofJuOliy  III iric  ap^upiialc 

spaces  below. 

Did  you  have  any  management 
proDiemSf  IT  sOy  please  specny 
in  the  appropriate  spaces  below. 

.Do  you  have  any  suggested 
nwdHications  or  general 
comments?  If  so,  please 
specity  in  me  appropnaie 
spaces  below. 

OVERVIEW 
Video 

Y  N 

100 

1       Y  M 

1 
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Y  N 
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WAVECHARAC-  j 
IcHlolICo 

Video 

Y  N 
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CI 
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100 
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C2 

Y  N 
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Y  N 
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Math  Lab 

Y  N 

100 

Y  N 
67  33 

Lab  9*1 

664 

Y  N 

100 

Y  N 
71  29 

bt)U 

Lab  9*2 

Y  N 

100 

Y  N 
67  33 

Unit 

Appropriate 
for  students? 

Completed  in 
50-60  minutes? 

Did  you  discover  any  errors  or 
inaccuracies?  If  so,  please 
specify  in  the  appropriate 
spaces  below. 

Did  you  have  any  management 
problenfis?  If  so»  please  specify 
in  the  appropriate  spaces  below. 

Do  you  have  any  suggested 
modifications  or  general 
comments?  If  so,  please 
specify  in  the  appropriate 
spaces  below. 

WAVE  APPU- 
CAT10NS 

Video 

Y  N 
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C1 

Y  N 
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Y  N 

100 

C2 

Y  N 

100 

Y        N  1 

100 

Mali)  Lab 

Y  N 

100 

Y  N 

100 

Lab9*3 

Y  N 

100 

Y  N 
25  75 

Lab9M 

Y  N 

100 

Y  N 

20  80 

SUMMARY 
Video 

Y  N 

100 
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Unit  Daily  Log  Comments 

Overview  -  Video 

Did  you  discover  any  errors  or  inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  liave  any  suggested  modifications  or  general  comments? 

1.  Kids  were  most  interested  in  biidge  sequence.  (#30) 

2.  The  vid^  OS  seemed  to  be  more  helpful  for  this  unit  than  for  some  of  the  others.  Students 
volunteeied  that  videos  are  better  when  they're  not  straining  for  humor.  (#35) 
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Overview  -  CO 

Did  you  discover  any  errors  or  inaccuracies? 

no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  svqgested  modiffcations  or  gen^r^I  comments? 
no  comments 
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Wave  Characteristics  -  Video 


Did  you  discover  any  errors  or  inaccuracies? 

1 .  Page  30,  question  15,  peak  to  peak  is  only  2  divisions,  not  4  as  stated  in  the  teacher  guide, 
page  T-30. 15a.  (#63) 

Did  you  hav^  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1.  Good  use  of  "noise"  signal  to  grab  attention.  Kids  attention  did  get  grabbed.  (#30) 
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Wave  Characteristics  -  C1 


Did  you  discover  any  errors  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 
1 .  New  area  took  longer  to  explain.  (#13) 

Do  you  have  any  suggested  modifications  or  general  comments? 

no  comments 
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Wave  Characteristics  C2 


Did  you  discover  any  errors  or  inaccuracies? 

1 .  Page  1 1 6  and  1 1 7.  figure  9-32  and  9-33  are  labelled  incorrectly.  (#37) 

2.  Error  in  solution  example  9-B.  Errors  in  examples  9-C  and  9-F.  (#38) 

3.  In  #15  of  student  exercises,  the  answers  to  parts  a  and  b  seem  to  refer  to  the  drawing 
in  #13  instead  of  tho  one  provided  in  #15.  (#35) 

Did  you  have  any  management  problems? 

1 .  Did  not  do.  9DM1  demo,  lack  of  a  long  spring.  (#78) 

Do  you  have  any  sugges>:ed  modifications  or  general  comments? 
1 .  Box  formula  on  page  22.  (#30) 


ERIC 


-0 

9^-  S72 


Wave  Characteristics  -  Math  Lab 


Did  you  discover  any  errors  or  Inaccuracies? 

1 .  Quite  difficult  for  my  studsnts.  (#25) 

2.  Table  5,  page  40.  the  sine  for  310*  is  .766,  teacher's  manual  does  not  list  300*  as  a 
required  sine  problem.  (#63) 

3.  Problem  5  gave  students  problem  on  a  different  plane.  (#13) 

4.  Sine  table  on  page  44  has  incorrect  sine  values.  (#30) 

Did  you  have  any  management  problems? 

1 .  Kids  needed  a  !ot  of  explanation.  Took  2  days.  (#37) 

2.  Had    spend  some  extra  time  in  explanation.  (#38) 

3.  We  sk..  >ed  it  because  most  students  have  already  had  exposure  to  trig  functions;  we  were 
also  short  on  time.  This  will  have  to  be  reviewed  later  however.  (#35) 

4.  Used  two  periods  to  go  through  trig  functions.  (#78) 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 
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Wave  Characteristics  -  Lab  9*1 


Did  you  discover  any  errors  or  Inaccuracies? 

1 .  Page  46  illustration  of  set-up  a,  length  of  string  is  marked  1 should  be  1  m.  (#63) 

2.  This  machine  didrft  work  well.  Had  to  modify.  (#35) 

Did  you  discover  any  management  problems? 

1.  No  equipment.  (#38) 

2.  No,  except  for  some  missing  equipment.  (#30) 


Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Rather  than  use  a  link  to  motor  I  put  unbalanced  weight  on  motor  and  let  motor  vibrate  whole 
box.  (#25) 

2.  This  worked  well  and  results  were  excellent.  Students  ran  the  lab  to  determine  the  con- 
stants of  the  springs  we  used.  (#35) 
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Wave  Characteristics  -  Lab  9*2 


^  Did  you  discover  any  errors  or  Inaccuracies? 

no  comments 

Did  you  have  any  management  problems? 

1 .  No  lab  equipment.  (#38) 

2.  Did  not  do  -  no  equipment.  (#07) 

3.  Took  two  periods.  (#78) 

4.  Didnl  do.  (#35) 

♦  5.  Did  not  complete   no  vibration  transducer.  (#30) 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Need  a  better  vibration  table  than  one  purchased  if  we  are  to  get  a  good  sine  wave.  It  is 
interesting  to  use  a  strip  chart  recorder  to  show  how  industry  collects  vibration  data.  (#78) 

2.  Used  3"  from  under  and  separated  both  transducers.  (#25) 
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Wave  Applications  Video 


Did  you  discover  any  errors  or  inaccuracies? 

no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Videos  were  too  similar  to  each  other.  (#37) 

2.  Video  was  excellent.  Can  also  be  used  in  other  physics  and  physical  science  classes, 
thus  providing  a  good  advertisement  for  PT.  (#30) 
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Wave  Applications  •  CI 


Did  you  discover  any  errors  or  inaccuracies? 
1.  Page  116-117.  figure  labelled  incorrectly.  (#37) 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1.  One  might  mention  accoustical  ceilings  used  in  many  industrial  sites  to  absorb  ambient 
noise.  (#30) 
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Wave  Applications  -  C2 


Did  you  discover  any  errorr>  or  inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 

1 .  Could  also  mention  harmonics.  Use  volunteer  synthesizer  to  demo  interference:  strobe, 
speakers,  etc.  (#30) 
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Wave  Applications     Mathematics  Lab 
Did  you  discover  any  errors  or  inaccuracies? 

1 .  Problem  1 ,  teacher  manual,  Lambda  =  4\  not  5',  as  stated  in  answer.  Remember  peak- 
peak.  (#63) 

2.  Error  in  problem  #1  solution,  page  T-86,  Lambda  =  4  feet.  (#38) 

3.  Page  T-86,  error  in  problem  1 ,  wavelength  should  be  4  units,  or  4  feet,  not  5  feet.  (#78) 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
1 .  Different  math  lab.  Kids  responded  positively.  (#30) 


67 


67r; 


Wave  Applications  -  Lab  9*3 
Did  you  discover  any  errors  or  inaccuracies? 

1 .  Your  suggestions  for  mic  hook  up  (page  T-95)  should  specify  that  a  battery  is  necessary  for 
condenser  mics  only.  (#63) 

Did  you  have  any  management  problems? 

1 .  The  lab  Is  difficult  because  of  the  outside  interference.  I  suggest  that  teachers  palce  the 
experiment  in  an  insulated  cardboard  box.  This  will  eliminate  outside  interierence.  (#63) 

2.  -  Did  not  complete.  Hollow  tubes  and  mics  not  available  locally.  (#30) 

3.  Took  two  periods.  (#78) 

4.  No  equipment.  (#38) 

5.  Skipped  it.  (#35) 

6.  Needed  two  periods  to  get  good  results.  (#07) 

Do  you  have  any  suggested  modifications  or  general  comments? 

nc  comments 
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Wave  Applications  -  Lab  9*4 

q  Did  you  discover  any  errors  or  inaccuracies? 

1 .  The  mega  ohm  resistors  are  referred  to  as  "msi;  as  in  figure  4,  part  b.  page  106.  (#35) 

Did  you  have  any  management  problems? 

1 .  We  ended  up  using  an  extra  day  here;  some  students  needed  help  with  the  concepts  of 
bradboarding  and  using  oscilloscopes.  And,  we  modified  the  lab  activity  to  acconrwdate 
input  from  electronics  students. 

2.  Did  not  complete.  Insufficient  numbers  of  capacitors  and  resistors  available,  locally.  (#30) 

3.  Did  not  do  (equipment).  (#07) 
A                      4.  No  equipment.  (#38) 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 
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Summary  Video 


Did  you  discover  any  errors  or  inaccuracies?  ^ 

no  commenls 

Did  you  have  any  management  problems? 

no  comments. 

Do  you  have  any  su'^^ested  modifications  or  general  comments? 

1 .  Glossaries  continue  to  oe  worthwhile.  (#35) 

2.  Good  quick  review.  (#30)  ^ 

3.  Light  waves  were  not  covered,  but  there  was  a  question  about  them  on  test.  (#37) 
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PRINCIPLES  OF  TECHNOLOGY 

Unit  10:  ENERGY  CONVERTORS 
Pilot  Test  Rndlngs 


Agency  for  Instructional  Technology 
Box  A 

Bloomington,  Indiana  47402 

Center  for  Occupational  Research  and  Development 
601  C  Lalce  Air  Drive 
Waco,  Texas  76710 
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acqu  res  and  f  ii"^ "'"X^f^^^^  in  au*vteual  fomials.  From  April 

teaming  resources.  I  "^J-  ™^  as  ln'e  aS  lor  Inslmctional  Tetevision.  lis  predecessor 
Si  A  4*n''al  1™^^^^^^    T*v1sio°n,  wis  founded  in  1962.  AiTs  main  off,oes  are  ,n 


Bloomington.  Indiana. 


is  in  Waco.  Texas. 
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INTRODUCTION 


Tec^m  is  an  appHed  sconce  cou.e  ,or  high  school  vocational  students  .ha. 
is  being  developed  col.^ra.ive,y  by  «.e  Agency  lor  .ns,n.C,ona,  Technology  (AlU  .he  Cen.e, 
,0.  occupalional  Resea.h  and  Developmen.  (CCRD),  ^  a  consoniun,  o.  41  s,a.e  and  p^vincial 
educauon  a^ncies  ,see  Appe*  A  ,or  a  lis.  =,  coopera.ing  agencies,.  The  course  consists  o. 
,„„„een  un»s.  ea=h  focusing  on  a  pdnciple  .ha.  unde*s  .oda/s  .echnology.  Each  un«  consisls 
0,  a  s.uden.  manual,  a.eache^s  guMe,  ha™is-on  laboratohes,  and  video  programs. 

The  entire  proiec.   being  developed  -  .he  help  of  a  fom«.ive  evaluaiion  P«>cess  .ha. 
syslematic^iy  coilecs  data  from  a  special  re^eWeam  (see  Appen*  8),  f^m  consortium 

renews  preiimina^  draffs  of  .he  instmctiona,  materials  before  they  are  sent  to  consorttum 
representat.es  and  pilottestsites.  consortium  representatives  reviewthe  materia,  concurrents. 

With  .he  Classroom  pilot.es.ing.  The  datalrom  all  sourcee-review  team,  consortium 
representatives,  and  pilot  site^are  analyzed  and  reported  to  the  developers,  who  use  these 

findings  to  revise  the  materials. 

Thus,  an  ..po.ant  pan  of  the  overall  fomtative  evaluation  is  a  pilot  test  of  each  un«  in  actual 

Classroom  settings.  The  pr^^  purposes  of  the  pile,  test  are:  1,  to  detem^ne  how  wet,  the 
materials  are  wo*ing:and2)  to  ident^yspecificproblemswiththe  materials.  A.  pilottestteache. 

were  oriented  to  the  Prlndples  of  rec«/ogy  course  and  to  the  pilot  test  procedures  at  one  of 
^vo  meetings  held  in  Dallas  the  summer  of  1  m.  Almost  all  pilot  test  teachers  n«t  again  in  a 
corr^ined  meeting  w«h  consortium  representatives  and  AIT/CORD  staH  in  Dallas  the  summer  of 

,985  At  th.  mee«ng,  staff  members  proposed  several  n«di.ications  in  the  pilot  test  procedures. 

Most  ofthesechangeswerein.heinstn.mentationforyear.woofthe  pilot  test.  (These  Changes 

are  detailed  in  the  instmmentation  section  of  this  report,  pages  6-8.) 

This  report  details  the  n*gs  o,  the  pilot  test  of  Un« ,  0:  ENERGY  CONVERTORS.  The 
repon  maKes  some  companions  o,  these  findings  with  those  for  Units  1-9.  which  are  contained  in 
separate  reports  (see  -Unit  1 :  FORCE-Pilot  Test  Findings,-  December  18. 1984: 
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u™,  2:  WOBK-Pilo.  Tea  Findings,-  Ma^h  1, 19S5;  "Una  3:  HATE-Pilo.  Test  Rndings"  May  6, 
,985.,  -Uni.  4:  RESISTANCE-Pilot  Test  findings,"  May  29, 1985;  "Un.  5.  p:SRGY-Piol  Tesl 
Findilgs.-  July  15. 1985;  Unit  6:  POWER-Pilot  Test  Findings,-  August  19, 1985;  -Unit  7: 
FORCE TRANSFORMERS-P«otTestFindl^,-Janua^,  1986; -Un«8;  MOMENTUM-PHot 

Test  PndlnflS.-  Fsba.a,y  1986;  a^d  "Un*  9;  WAVES  AND  VlBRATONS-PilotTes.  Findlngs,- 
Maroh  1986).  Slncasomeof  the  yeartvolnammentation,  beginning  With  Unlt8,  was  nnodW, 

exact  comparisons  with  Units  1  -7  data  are  no  longer  possWe.  There  remain,  however,  enough 
common  elements  fram  year  one  to  year     instrumentation  to  make  several  comparisons. 
Rnalhr,  When  reading  this  report  one  ^.ust  rememl>er  that  all  data  are  lotmative  data;  the 
developers  are  using  the  data,  atong  with  reactions  from  the  review  team  and  consortium 
representatives,  as  a  basis  for  revising  the  materials. 
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PILOT  TEST  PROCEDURES 
U„.,0:™cONVHRTORSpM.es,n,a,..a,swe«.a„ed.o.eac.....id.No.^ 

1985.  These  materials  consisted  of: 

1)  Parallel  Pretest/PoS 

2)  Cornputenzed  sconng  shee  s  ion  h 

•jx  <?tiidsnt  att  tiJde  questionnaires  ^se«j  ^hh« 
4  TeachJr^^^^^^^^^         (see  Appendix  F) 
5)  Unit  daily  log  (see  Appendix  G) 

,eco«.ea«rreac.-«ns.o.heu„«onade,a«ea<,ues«on„aire.  A. «,e conCs.n o, *e u„n, 

.eachars  ad.«ered  ,.e  posUes.  a.n,  -  .he  studea.  a,«.ude  ,ues„oana,res.  As  ra,ues,ed 
^.eac.rsaU.esu...™a,,a.pa*Ho.son.sa™,as,w.eused.or*epre.es.aad 

^.a.  MU*,0.a.e.a,s.e™.e„.*d.acK,oA,T.  T.. repo. contains a» d.a .ca,ved 
U»cMS8e.To.ee..aprass,a,proieCdead,iaes,.ep.«.aa.resu„s,orU„«,0were 

^.ed.o.as.a«onFeb.a.ie,,93e.Oa.a.r»on„3es,udan.sin.ourc,asses„a,a 

availab.  a,.ha,  .in».  S,nca  so  .aw  classes  were  on  a  sohe^le  ,ha.  me,  ,he  proieC's 
deve^pmema,  needs.  ..e  evalua-'on  procedures  ,or  Units  U-U  have  been  signi,ican„y 
„„d»ied.re„.apKma*onda.ai,ed.eacherrev,a„son.acou,sacon.onen.s.There.ore.,h,s 

Uni,  10  report  will  be  the  final  report  to  contain  student  and  teacher  data. 
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LIMITATIONS  OF  THE  METHODOLOGY 

Two  maior  nmningtacto.  mustbe  considered  When  the  findings  are  interpreted:  r^^ 

design  and  external  variables  beyond  the  project's  control. 

Pfff  ftrirfih  Dpsinn  Constraints 

several  factors  in  the  research  design  must  be  considered,  including: 

.  Lack  of  matched  control  groups 

T.e  desSn  allows  one  .0  ^pffi^^^ 

but  not  to  '^'^r'.S^fJ^^^^lfS^^^on  the  pilot  tes.  schools  prohibiled  the 

;»eroi"srsri. 

'^^^glS:X^"ZZlSS^^'^'<^^^^':^.  the  ™a,chln,  prooess  „se„ 
would  be  problematic. 
•  The  pretest/posttest  format 

addressed  this  concejn  in  four  ways: 

?««"Krofr;erni=ar^^^^^^ 

of  the  correct  answers, 
would  mitigate  the  effects  of  memory. 

fo?^ss^^7S»ars 

memory. 

4,  parallel  forms  of  .he  test  were  used,  AlJ^ough  the  Uenns  were  identical.  «ie  order  of  «te 

items  was  changed  from  pretest  to  posttest. 
The  pretesvposttest  as  an  instrument  (see  the  section  on  instrumentation,  pages  6-8) 
The  test  cannot  measure  all  obiectives  Ther^^^^^^^^^^^^ 

items  do  not  always  directly  match    jn^^ended  ob|^^^^^  a  ^3  One 

Many  of  the  objedives  (particularly  the  lab ^  instmment.  Ifs 

r:?^si^rett"^^ 

assess  the  unit. 


1) 
2) 

3) 


68S 


lab  equipment. 
.  Student 

characteristics  considerable  variability  m  tne 

coffthesevariables. 


.  Teaching  pattern  ,h    Hasses  and  number  of  class 

lotmallve  evaluation,  nol  as  rigoiyw 
aa,aco,,eo.ionp.oadu^s™s.  be  considered. 


INSTRUWS:'iTATlON 

The  instrurMnts  for  Unit  10  were: 

1)  Parallel  forms  of  a  pretest/posnest 

2)  Student  attitude  questionna.fes 

3)  A  teacher  questionnaire 

4)  A  unit  daily  log  . 
.rhes,uae.a,*de,ues,lonnalre,«a*e,-,ues,ionna.e,andu„«d.,y,o,weres,.„ar,o 

..ausa..orUn«sSand9.min.— n.orU*8-10wassu.s,a«i,rev.e..ro. 
„e  ins>™™n,a,,on  used  .or  Units  1-7.  THas.  rav..ns  re«ac,ad  oom™„.s  .ade  a„.e«, 

pretest/posttest  instrumentation. 
PrfttflM^P"sttest 

,„  a  collaborative  p^oass  be«ee„  avalualors  and  conlan,  speCallsIs,  .ho  original  50  questions 

a  spec*  obie.>=  -ro.  Un«  10.  The  l,e^ob,c,lve  ™,oh  Is  no.  always  exa*  l.'s  impossible  .o 

™.oh  i.ems  .0  son,e  obieClves  because  o.  .he  way  .hose  ob^ves  are  worded  rrecognlze,- 

-deline,-  e.c.).  L's  l^ortan. .0  remember  .ha.,he  lns,.nr.n.  Is  a,.enp,ing  .0  n^easure 
„anl,es.a..nsonearnin.a..,ha.appro.nia.lonso.obiec.lvesareo«en.hebes..ha.cogni,.e 

,es,  developers  can  do.  «h  only  34  l.e.s,  no.  all  ob^Clves  could  be  .ested.  Therefore. 
obM--s  had  .0  be  sailed.  Gener*.  p.o*s  <or sampling  were  based  on  .he  rela,lve 
,„^«anoe  o.  .he  conoep.s.  (Append.  0  lls.s  .he  obiedve  each  lien,  Is  inlended  .0  address 
above  the  item.) 

SolsKa-,ood-.es.7Generally..ns..men.sareiudgedbcsedonrel«y(oonsis..nc,. 
accuracy,  depe„daMM  and  vaildily  (roughly,  Is  I.  measuring  wha,  you  .in.  H's  n,easuring„.  On 
.he  Spearman-Brown  Tes.  o.  Inlern.  consis.ency,  .he  reliabilLy  o.  .his  lns..men.  I.  38,  which  . 
accep,ablebyn«s.s.andards.  Vaildily  is  a  b«nr„recomplica.ed.oiudge.  Beadersare 
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e^^uraged  tc  make  thsir  own  iudgments  about  the  validity  of  tl,a  instmment.  Pertinent 

questions  include: 

1)  Do  the  Items-  adequately  address  the  intended  objectives? 

i)(  k  a  sufficient  range  of  objectives  addressed? 

3!  Ovefailis  the  instmment  a  fair  measure  of  Unit  10*s  instruction? 

It  shouW  be  pointed  out  that,  in  examining  the  pretest/posttest  resuits  for  each  of  the  first  ten 
units,  the  developers  and  evaluators  encountered  a  few  items  in  each  unit  (no  more  than  three 
per  unit)  that  they  considered,  for  various  reasons,  to  be  poor  items.  Of  course  there  is  ahvays 
wisdom  in  hindsight.  Ideally,  each  of  these  instruments  would  Itself  be  pilot  tested.  However,  the 
project's  schedule  precludes  the  luxun/  of  pilot  testing  the  instrumentation.  Thus. .  ven  with 
careful  planning.  It's  inevitable  that  a  few  poor  items  will  be  included  in  each  test. 
Rtiirient  Questionnaire 

The  student  questionnaire  (Appendix  E)  was  expanded  from  the  one  used  for  Units  1-7.  The 
questionnaire  has  a  series  of  items  on  students'  reactions  to  the  objectives,  content,  video,  text, 
and  labs;  the  difficulty  of  the  unit;  and  students'  overall  satisfaction  with  the  unit. 

Although  the  expanded  student  questionnaire  no  doubt  takes  more  precious  time  to 
administer,  thb  staff  felt  that  the  additional  information  could  provide  better  insights  into  students' 

reactions  to  the  course. 

T^^rhor  Qy>»fitinnnaire/l,lnit  Dailv  Log 

Two  distinct  kinds  of  information  must  be  collected  from  the  teachers.  First,  it's  important  that 
they  indicate  their  overall  reactions  to  the  unit.  Additionally,  it's  important  that  they  give  their 
detailed  reactions  to  each  day  of  instruction,  particularly  noting  problems  or  errors  in  the  materials. 
To  meet  these  dual  needs,  teachers  completed  both  a  teacher  questionnaire  (Appendix  F)  and  a 
un-rt  daily  log  (Appendix  G).  The  teacher  questionnaire  was  revised  from  those  that  were  used  for 
Units  1-7.  The  questionnaire  has  a  series  of  items  on  teachers'  reactions  to  the  objectives,  the 
instructional  activities,  and  the  content,  .nd  on  their  instructional  planning.  Although  several 
items  from  the  first  year 's  instrument  remain,  several  new  Items  were  added.  The  unit  daily  log  is 
essentially  the  same  as  that  used  for  Units  1-7.  although  it  was  sent  as  a  separate  instrument  to 
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."Tl.  Howave.sM„ca.uev.onao,so.eon.e— ^ 

,     aires  shou,dproducein,o,™«on,Ha.ba,,.a<i*e.es.aovara«,oa,so,>he 
Student  questionnaires,  snouia  pruuu 

pilot  test. 
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SAfylPLE 


01  studies  ars  in  gadetwelvo.) 


•  Sex 

Male* 84%  Female  =  16% 
Teacher  characteristics  included 

.  Physics  backgroundZ 


Physics  background  ^c- ir"/ reoorted  no  college 

physics  courses  |?,/»  '?P^^f5.7  ,^^g,  physics  courses,  and  9  /•  repon 

nhVSiCS  courses,  9  /o  repuucu 

College  physics  courses. 
Mathematics  background 

Teaching  pattern  Mn<;i  (83%Uaught  sessions  that 

iSS?urrSaJsth^^"«o..hesa.pia. 


,,_,,,^^^^s„es.s.udeh.de™.ra.:csdo..^ 
demographics. 

2  TO  save  valuable  teacher  time,  the  .eacher  <<" ^ifa"^^^^^^  ' 

iS»--s«rsa 

9  Sd4 


Thus  althoughthereweretoutfewarsitestepcr..  jdatalotun. 
„,Sa«.13.ora,,.heoHarac.e^«cso,.esa.p,e.o,U„inOwe.nea*iden,lcaUo.HaUnl,s7. 

3sa.^,es.Ovara,Uhe„.,hasaav,a.me..*s.,ha,.hasbeen.oran,unHo„hepilo...s,, 

,„  students  ,70,  and  sHes  (7).  A«^u,h  ^  s.a«  sample  is  probably  adequate  .or  maMng 
,.,.„d,men,sabou,.heunn,«obvious.doesno.*wtHeseN,n,en.s,oben,ade.«Mhe 

..„,e  of  conl-Kience  that  me  la^er  samples  (orprevious  units  a«o«ed. 
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PRETEST/POSTTEST  RESULTS 

.e.plnn,.a.a,a,Uepo.ed  numbers  are  .ean.coreson*e,c.,,w««n.„ned34H..s. 
.  Mean  differences 

c  1 1  47  The  overall  posttest  mean  was  24.4.  This  increase 
The  overall  pretest  '^e^n  was  1 1 .47  The^  ,^,^1. 
was  statistically  significant  {correlated  r  lesijau 

Thus  .he  un«  1 0  ^e»s,  ,o  pos.es.  oain  (38%,  was  ,he  .arges.  pe.e.age  gain  ,or  any  un«  o. 

a.  76%).  .he  Onl.  10  .indl^s  con.inue  .e  pa..ern  o.  be..er  s.uden.  .es.  perte,.anoe  In  yea, 
^0 0.  .he  pilo..es..  W^,  «  see.s  reasona^e  .0  assume  «,a. .he  s^aHe,  year .«o  san,p,e 
con.ainsahi,erca.be,e.s.uden,s.  A,so,ho.h  .eache. and s«-den.s  ^y  before 
o„^„.ab,e  -  .he  ma.e„a,s,  having  had  a  .„  y^.o  become  .amiiiar  w,.h  .he  ooucse's 
approach.  The  .a.eHa,s a.o  .ay  have  impoved.  indeed.. here  is probab,  acon,bina.iono. 
,a«o.,or,hebe.e.year.«ope.o™nce.Wha,ever.hereasons,.heUni,10,indin,sco*ue 

,he  pa..e,n.  se.  by  Uni.s  8  and  9,  o.  improved  s.uden.  .es,  performance. 

liTdiyiduaLllema  .  .  . 

,„r  each  uni.  .he  proiec.  .earn  has  es.a«.hed  orHeHa  .or  acoep.ab,e  performance  on  each 

item.  These  criteria  included  either: 

1 )  70%+  correct  on  an  item,  or 

2)  doubling  of  the  pretest  score  on  the  posttest. 

ForUn«10.studentsfailedtomeo.thiscriteriaonthefollowingitems:  2.6.7.8.9.10.11.  . 
.3  16  17:21.24.25. 26.  and34.  This  finding  is  both  troubling  and  somewhat  baffling  because 
,eoverallfindingswere,uitepositive.Thesi.eenitemsthatf.iledtomeetthecrite.^ 
.ostforanyoftheyeartwounitstested.Whatcouldexplainstudents.ailingtomeetthec. 

«  .h«MH  f akP  a  detailed  !ook  at  the  test  items, 
for  so  many  items?  To  answer  this  question  we  should  take  a  det3..ea 

starting  with  the  items  by  subunit.  - . , 
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By  subunit.  Students  failed  to  meet  the  criteria  for  the  following  items: 

MechanlcaMwo  of  five  items  did  not  meet  the  critera. 
SaM^of  Six  items  did  not  meet  the  cntena 
eSS-one  of  five  items  did  not  meet  the  crrteria. 
fS^e  of  four  items  did  not  meet  the  cnteria 
oKIISix  of  fourteen  items  did  not  meet  the  crrtena. 

Thus,  students  perfomied  particularly  poorly  on  the  thermal  and  fluid  subunits.  which 
continues  a  pattern  of  most  of  the  other  units  in  the  pilot  test.  In  addition  to  the  subunits.  it's 
helpful  to  look  at  the  actual  content  of  the  items  students  missed. 

As  with  all  previous  units,  students  failed  to  meet  the  criteria  of  several  items  that  included 
formulas  or  mathematics  manipulations  (items  8. 9. 1 0.  and  34).  So  mathematics-related  items 
accounted  for  25%  of  the  Kems  on  whcih  students  failed  to  meet  the  criteria.  Many  of  the  Kems  on 
the  test  required  students  to  identify  the  systems  involved  in  an  energy  conversion  process  or  to 
IdentHy  an  example  of  a  specific  energy  converter.  Students  failed  to  meet  the  criteria  for  several 
of  these  Kems  (items.  2. 6. 1 1. 12. 13. 16. 17. 18.  and  21).  These  types  of  items  accounted  for 
over  half  of  the  items  on  which  students  failed  to  meet  the  criteria.  It's  perhaps  not  surprising  that 
students  had  trouble  with  these  items.  They  require  students  to  know  and  understand  specific 
apparatus  and  how  the  apparatus  interacts  with  various  energy  systems.  Students  must 
remember  many  details  to  answer  these  questions,  which  probably  explains  why  they  failed  to 

meet  the  criteria  for  so  many  of  them. 

Thus,  the  analyses  of  the  test  results  reveal  a  mixed  bag.  Even  though  students  failed  to  meet 
the  criteria  on  a  higher  percentage  of  items  than  for  any  of  the  year  two  units,  the  overall  resutts 
were  positive  and  in  keeping  with  the  improved  test  performance  of  year  two. 
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Table  1 
Principles  of  Technology 
Pretest  and  Posttest  Scores.  Units  MO 


Pretest   Mean  Posttest  Mean 


liniL  nmhcL^-^  lirilt%)  20.1  (67%) 


33 

30 

36 

35 

30 

34 

25 

29 

34 


13.6  (41%;  17.6  (53%) 

14.9  (49%)  19.4  (65%) 

16.4  (46%)  24.4  (68%) 
13.2  (38%)  22.6  (65%) 

11.5  (38%)  18-^  ^^''^"^ 
13.2  (39%)  19.9  (59%) 


11.9  (48%) 
12.6  (33%) 
11.4  (34%) 


18.9  (76%) 
22.1  (76%) 
24.4  (72%) 
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PRETEST/POSHEST  BY  SELECTED  VARIABLES 

For  year  one.  the  impact"  of  several  variables  on  students'  test  performance  was  examined, 
including  students'  grade  and  sex.  teaching  pattern,  and  teachers'  physics  and  mathematics 
background.  However,  the  smaller  year  two  sample  precludes  making  the  comparisons  among 
teacher  background  and  teaching  pattem:  there  are  simply  too  few  teachers  to  make  reliable 
comparisons.  So.  the  only  valkl  comparisons  are  those  comparing  the  student  characteristics  of 
sex  and  grade.  These  variables  were  analyzed  with  an  analysis  of  covariance.  which  controlled  for 
pretest  scores.  Table  2  examines  the  results  of  this  analysis:  the  mean  scores  reported  in  Table  2 
are  for  the  posttest. 


Table  2 


Mai"  Effect 
Sex 

Grade 


Level  of 
^Significance 

.010 


.034 


Male  (43) 
Female  (8) 

Tenth  (0) 
Eleventh  (5) 
Twelfth  (46) 


Mpan  Score 

25.14 
18.62 


20.00 
24.96 


As  Table  2  indicates,  both  sex  and  grade  had  a  significant  effect  on  students'  test  scores. 
However,  each  of  these  findings  must  be  very  cautiously  interpreted  since  there  were  only  eight 
females  and  five  eleventh  graders  included  in  the  sample.  Actually,  this  is  another  example  of 
how  the  small  sample  makes  these  kinds  of  comparisons  difficult  to  make  wrth  reliability. 
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PRETEST/POSTTEST  RESULTS  BY  SITE 

.      »chv.il9  All  seven  Sites  Showed  Statistically 
D  indteates  the  prelest/posttest  results  by  sUe.  All  se 

T,ble  3  examines  the  number  of  sites  showing  no  ..at,st,cally 
signilicant  (.01  level)  increases.  Table  3  examines 

signaicam  gains  lor  each  01  the  first  ten  units. 

Table  3 

1 

I  * 

i  ° 
I 

10 

.,in  these  results  mustbein.e.retedca«.  The  reduced  number  0,  Sites  anathe 
33lmd«erencesinthecompos.iono.theyear.wosamp,en,a.comparisonsacrossun. 
rr:...onet.,ess..isenoouragingtonotethatal,sitesshowedsign.antg»ns.or 

Unit  10. 
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STUDENT  ATTITUDE  FINDINGS 

l.s.™a*.>o.aun.so*.,ves.con.en,.v,.o.,a.a.,a..a»^ 

«.on.un«;a„a~sa.s,a..nw.,.unH.Hac.ca,e..con.a,ns^ 

3j.s,o.«c..uaa.s.spo„aus,n.a.o..po,na,Ka«.,,pasca,ars.ron.,a.ea. 

::;..a.aa.T.n...:onna.p™v.es™o.*...na..— 

,Ha  *e.Ha.  ,ues,.onnalre  .ha.  was  used  durtng  year  one  o.  .ha  proieC  O,  coursa, 
™rain,or.a.,onra,*esa«ona,,v.uah,ac,ass™o..,™,.h.h..ha™,or 

disadvantage  of  the  new  questionnaire. 

,e.3.anu™.ro.ways.oa„a^a.hase.a..Thas..p.as„s.o.po«.a.e.a„c,o. 

.^...oaach«a..Tooo.pa.a.spo.asac™ssc«a,o„-as,ho.ava.«ha,ps,ohavaa 

„™eHca,,o.aHo.aachca..o..S.ncaa,o..poin.sca,awasusaa^,.h,o.he.n,.ha™^^ 
po*eanaona.a.os.na,a.,va,,.acana.va«a.aanscorao,.a.eenonaan,ou.. 
.ch— .  Thase.aansco.scan..nheadaadana«daahv.he.o,a,nu„*.oUa. 
,,,ca.a,o..oarnVaa,a.aansco™,oraachca.a,o..Bo,h,ha,re,ua„c.as,o.aach..„n 

percemagas)  and  a  maan  score  for  each  ca,egon,  are  reported  balow. 

3enara,.,s.ude„.s.aca,ad,ha..a,,ound.haunnohiac..asha,p.u,...(-.00%,a.eedor 
3,ro„a„agraea.ha,.hao*c«vas.e,ped.an,unders.a„dwha..e,wares..posed.o.arn 
,„,::,Ha,ara,.d.heohie*asarap«ad,n.e««en..a.,s.A,™..U.3.,agra. 
„..ro„g,,agraed.ha..a,used,heo.a*as.ogu,de.he..hro.h.he™.ar,a,,  T  a  ve^^^^ 
.eanscora.or*eca.a,or,.as3.34.,Apar,eC.our..har.os,posH.oscoraposs,h,e., 
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much  material. 


_«e.s,,n.MosUS3«a.eeao.sUo„..a=.aa.aU.p™,.r.u.^^ 

„a..p.c...d™sUaS.,a.eaao..o.,va,a..aU.v,aeo.^^^^^^^^ 

,.„„ao.eva.aunUo.a*as.T.ove.,™ansoo.,o..ev«eoc.e,o.was3.0,. 

Ts,..,s.se«a.e.o,.™n,.a.e.....,..  — .^^^^^ 

„,„..os,..0a.eeao,s,™n.va.e..au.,e.w«.eau.^^^ 

unii  oDjeoiivca  language  that 

,aKi„g,heoour.e.  Mos,  (85%)  disagreed  or  s,™ng„d,sagraed.l,a,. he. ex, used  9 

::L.o...,o— .M0.a3.ag.ed0.s...ag....^ 

_,...p,e.,0He,p*e.  — ..,n^.„uo„oap,s..-s-^^^^^^^^^ 
.«.UMo„.a.u,a«(30.,a.eedo.s.™ng.a,eed.e,..Mpad.™,o 

„„,,.and.eun«oo.ep..T.eov.a„.eansoo..o..e.ex.ca,ego.was..64. 

"r::::...s..a.eado,s...ag.d....,a.a..^^ 
3::e,:Io.e«.es.Mo.a..,d,sag.eao,.™ngM.ag.ed.an.^ 
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were  difficurt.  More  than  half  (59%)  agreed  or-strongly  agreed  that  the  time  periods  were  not  long 
enough  to  complete  the  work.  The  overall  mean  score  for  the  category  was  2.46.  As  with  the 
text.  R's  troubling  to  note  that  most  of  the  students  found  the  labs  difficult.  And.  for  the  first  time  in 
the  pilot  test,  fewer  than  half  the  students  indicated  that  they  liked  the  labs, 
tinitnifficuitv 

over  half  (52%)  indicated  that  some  of  the  things  they  were  expected  to  learn  were  just  too 
hard.  Even  more  (67%)  agreed  or  strongly  agreed  that  they  had  trouble  reading  the  unit  text. 
The  overall  nr.ean  score  for  the  category  was  2.39. 
f7tHriftnt  Satisfaction 

Only  a  third  (34%)  agreed  or  strongly  agreed  that  they  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day.  However,  fewer  (31%)  agreed  or  strongly  agreed  that  they  did  not  like 
coming  to  class.  And  the  maiority  (72%)  indicated  that  they  would  recommend  the  class  to  their 
friends.  The  overall  mean  score  for  the  category  was  2.64. 

Table  4  compares  the  mean  category  scores  to  those  for  Units  8  and  9  (comparisons  with  Units 
1-7  are  impossible  because  the  questionnaire  was  not  used  for  those  units). 


Table  4 

Unit  8 

Unit  9 

Unit  10 

3.03 
2.82 
2.93 
2.83 
2.83 
2.58 
2.85 

3.00 
2.78 
3.09 
3.96 
2.68 
2.92 
2.93 

3.34 
2.78 
3.01 
2.64 
2.46 
2.39 
2.64 

Unit  objectives 
Unit  content 
Unit  video 
Unit  text 
Unit  labs 
Unit  difficulty 
Student  satisfaction 

in  Table  4.  ifa  Important  to  remember  that  scores  ol  3  and  4  are  the  preferred  responses.  The 
ratings  for  thme  categories  (text,  labs,  and  overall  d»ully)  were  less  posif«,e  lor  Unit  1 0  than  lor 
Units  8  and  9. 

Student  attitude  findings  indicate  that  they  found  the  text,  the  labs,  and  therefore  the  overall 
unit  more  dHficutt.  This  may  explain  why  students  failed  to  meet  the  criteria  for  1 6  items  on  the 
test.  There  are  multiple  interpretations  for  these  findings.  They  may  indicate  that  the  text  and  labs 
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u   H  HH  may  be  reasonable  to  expect  that  the  last 
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TEACHER  RESULTS 


•  ^  frnm  <;even  teachers.  As  mentioned  earlier  in  this  report  (see 
Questionnaires  wera  received  from  seven  teacnerb. 

„e  ins.,u™™a*n  section,  pages  M),  .he  teacher  ,ues.ionn.re  was  revised  substanliaiiy  .re. 
,^  ,ues.ionn.re  that  was  used  during  year  one  o.  the  pr*a  A^cugh  many  o,  .he  year  one 
«ems  were  .aintained.  new  items  simiiar  tc  those  used  K-.he  student  atUtude  questionnaire 
were  added.  These  i.en»  locus  on  the  teachers^  reactions  to  the  obiect.es,  the  inst^ctional 
ac«vities,andtheieveloldi.iicuHy.TheunndaiVlog,-h.ewmo«icationsfromtheonethatwas 

used  during  year  one  o.  the  proiect,  was  aiso  part  of  the  teacher  inst^mentation.  The  findings 
reported  beiow  reflect  both  the  teacher  ,u«.tionnaire  and  the  unft  daily  log.  Appendices  F  and  G, 
v^ich  list  the  detailed  teacher  contments,  should  be  examined  careluliy.  lite  wea«h  o,  data 
oomained  in  these  comments  is  d-«icu«  to  encapsulate.  Because  there  were  so  lew  teachers 
responding,  the  data  reported  below  are  in  Irequencies  and  not  percentages, 
iinnnhjectives 

The  teachers  unanimously  affirmed  the  worth  ol  the  un«  oWecf.as.  All  agreed  or  strong^, 
agreed  that  the  obieotives  assisted  them  in  assessing  student  progress,  that  the  obiectives 
helped  them  determine  what  to  teach,  and  that  the  obiectives  were  presented  in  a  logical  order. 
Almost  all  teachers  also  indicated  that  the  objecUves  relleoted  what  the  unit  was  designed  to 
teach. 

j  Init  instructional  Adivitie.'^ 

Mteachers  irrf^ated  that  the  unH  inst^ctional  actMies  were  related  to  the  unU  obiecthres  and 
that  the  actMies  were  presented  in  the  correct  sequence.  Also,  al,  agreed  or  stronger  agreed  that 
the  reading  level  ol  the  insf^clionai  activities  was  too  diilicult  lor  most  ol  their  students. 
yniLQflOtSDl 

Allteachersdfeagreedthatlhe  unnoontentwas  too  detailed.  All  ,h..ghtthe  material  was 
presented  atthe  proper  levelo,d-«icu«yandthatthematenalcontair.dexamplesthat  were 

helpful  to  students  in  their  urxlerstanding  o.  un«  concepts.  However,  one  teacher  indicated  that 
the  unH  did  no.  contain  enough  examples.  Al,  these  teachers  indicated  tha,  they  thought  the 
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,ave*ead,=een(see.haSluden,«udesecl.on)..heslude 


Allbutoneteache  ^.^..e,  eommented  that  the  mathematics  labs  requ.red 

realistic  time  allotment  for  Unrt  10.  That  teacner 

more  time. 

e..  ,o„.e  unn  ,M«e*gly.  close  .0  .he  ea^e  nu.be,  (4,  Indicated  ,M 
L.e,.eacMUee.s*aU.de„.co.ple.no.c.e«c.as*™en...o.a.l, 

"rr,eac......U..eac...ldep,o.a.d.nc.p.c.lde.e™^ 

.:i.o.lp.e..eac..e...Onec— d.aU..lde.o,.^^^ 
.e.dedl,.e,,e-.C.ea.osald.a..e..e.o.ldno,a.™e.e.ave.e.a™co.eo, 

knowledge.'' 

.  .ca.e.a.eachda,o,lns,.c,.nv,asapp,cpcla».or.helc 
Generally,  teachers  tended  10  mdrcate  that  each  day 

Students. 

^"^^  cpH  vou  the  most  problems  in  teaching  the  unit  on 

TO  the  question.  "What,  if  anything,  caused  you  the  most  p 

r,^.ri  Thfl  oroblems  reported  include. 
ENERGY  CONVERTORSr  seven  teachers  responded.  The  proble 

.  Hands-on  labs,  lack  ''^''^''^ 
.  Preparation  time  caused  by  lacK  01  mdui 
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These  findings  are  consistent  with  those  for  Units  1  -9.  Availability  of  equipment  for  the 
hands^DP  labs  continues  to  cause  teachers  the  most  problems.  On  the  other  hand,  teachers 
continue  to  affinn  the  appropriateness  of  most  of  the  material  for  their  students,  and  all  of  them 
thought  the  material  was  presented  at  the  proper  level  of  difficulty.  Finally,  many  specific 
recommendations  for  changes,  including  errors  in  the  text,  are  contained  in  the  teachers 
comments.  Overall,  the  teachers  tended  to  be  fairly  positive  about  Unit  10. 


CONCLUSIONS 

i:,aao..a.s,.a.a..ap«s«...e..a,aa...n.eaasa.s.o,.a.,. 

revisions  in  the  materialc. 

•  .  .hon  this  reoort  contains  much  useful  information. 
Certainly,  then,  this  report  CO  ,.„,„„kolace  Both  students' sex  and 

pilot  test. 

3,  Si».  seven  dasses  reporting  showed  s.a,is,ical,y  sign-ton.  lea,n,ngga.ns. 

about  a  quarter  of  llie  students  '"^^^^^^riySm^m  too  hard.  Nonetheless,  most 
Som^eolthethu^sttreyv^^^^^ 

|«V2SWiouse.unn,.ureiob^^ 

help  them  teach  the  unit.  -.u  ,ho  hanHs- 

e,  Teacher,  cor^ents  indicated  r;^5,™X'<"tS"^^^^^^ 
^'  IS.  Again,  this  is  '^"'^tfSiSms^ep^^^^^^  =i"'PlV  9S*8,"L°  T'" 

e^rthii'^x^  , 

•••  «  ohnnf  thP  unit  they  did  recommend 

^>»sMetK»»r1^^^^^^^^ 
TheUn«10.,*gswereso.e.hat,esspositive,hanthose.orUnitsSand3.Eventhough 

3,.en.shadaetat«*signiiioant,earninggain.,hev«edton,eettheproiec.c.e^^^^^^ 
3Meenite™s,*h.the™ost,oran,o,the.artwounHs.  itshouid.pointe  outt^ 
.a„,o,these«en»stud,ntshadtore.e..eraspeci,ioene.vconvertorandhow,treateo 
.eLs.te..Oi.nthisan„unto.detai,«.pro.a.,vno„oosurprisi„gtha,studen,shad 

trouble  with  these  items. 
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Ov„a»>..s,ud,n,sa^.aa*.<»*..ose,.h3  relevance  Che  n,a,eKa,s.o..d.n.. 
,«eeaplo,men,.  T..  .  pari^ap. -he  n,os.  encouraging  Wing  oHhe  p»o.  test. 

Due  .0  .he  ever^ecreasing  sample,  UnH  10  w», .he  final  un^  .cr  which  a  compile 
^„,w,hho,hs.uden,an.,eacher.a.a,«i.l.epuh.is^d.Theconsidera.lee«c«sc,.he 

.eacHe.and«uden..invo.edin,hep«.e«havecon.ri.u.ed,oa.in.hedproiec,des,gned.o 
meet  .he  needs  ol  vocalional  educalicn  lor  yean  10  come. 
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AppandixA 
Participating  Agencies 


Alabama  State  Department  of  Education 
^oSn  of  Vocational  Education 

Alaska  Department  of  Education 

Alberta  Education 

Arizona  Department  of  Education 

-vSn«S«^^^^^ 

Colorado  State  Board  for  vocational  Education 

^ScastleCountyVocationaHechnical 
School  District 

of  Instmctional  Television  and  Radio 

Georaia  Department  of  Education 
Of!?ce  of  Vocational  Education 

Idaho  Division  of  Vocational  Education 

iiiinniq  State  Board  of  Education 
'"'Department  of  Adult.  Vocational  and 
i  Technical  Education 

Indiana  State  Board  of  Vocational  and 
Technical  Education 
Iowa  Department  of  Public  mstmction 
Career  Education  Division 

Division 

Kentucky  Department  of  Education 
DWston  of  Vocational  Education 

Louisiana  State  Department  o<  Education 

Office  of  Vocational  Education 
Maine  State  Department  of  Educational  and 
Cultural  Sen/ices 
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Bureau  ofVocatipnal  Education/Division 
of  Program  Services 

Marvland  State  Departmerrt  of  Education 
Sionof  Vccattoriain-echriical  Education 

Massachusetts  Department  of  Education 
Division  of  Occupational  Education 

Minnesota  Special  Intermediate  Scfiool 
District  916 

Mississippi  State  Department  of  Education 
Vocational-Tecfinical  Division 

Missouri  Department  of  Elementary  and 
Secondary  Education 

Montana  Office  of  Public  Instruction 
Department  of  Vocational  Education  Services 

Nebraska  Department  of  Education 
Division  of  Vocational  Education 

New  Mexico  ^. 
A  consortium  of  school  districts 

North  Carolina  State  Department  of  Public  Instruction 
Division  of  Vocational  Education 

North  Dakota  State  Board  for  Vocational  Education 

Ohio  Department  of  Education 
Division  of  Vocational  and  Career  fcducation 

Oklahoma  State  Department  of  Vocational  and 
Technical  Education 

Oregon  Department  of  Education 
Division  of  Vocational  Education 

Pennsylvania  Department  of  Education 

Rhode  Island  State  Department  of  Education 
Division  of  Vocational  Education 

Soutfi  Carolina  Department  of  Education 
Office  of  Vocational  Education 

TVOntario 

Tennessee  State  Department  of  Education 
Division  of  Vocational  Education 

Texas  Education  Agency 
Division  of  Vocational  Education 


Utah  State  Office  of  Education 
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Education 
VkgJnia  Department  of  Education 

Education 


Appendix  B 
Content  Review  Team 


Jon  Buschke 
Technical  Instmctor 
Intel  Corporation 
Chandler,  Arizona 

Sfl  Stress  and  Communications 
&aS^^       o<  Education 
Harrisburg.  Pennsylvania 

Dr.  JoeExline 

Associate  Director  of  Science 
Virginia  Department  of  Education 

Richmond,  Virginia 

Dr.  Darrell  Parks,  Director 
DWision  of  Vocational  Education 

Shio  Department  of  Education 
Columbus,  Ohio 

CoolS  instructional  Materials  Center 
Okfahoma  Department  of  Education 

Stillwater,  Oklahoma 
Dr.  Philip  RoHain 

SffoMSartmemoi  Public  InamCion 
Raleigh,  North  Carolina 

Margaret  Sentif 
Teacher 

Hinds  Junior  College 
Rankin  Center 
Pearl,  Mississippi 

sSp^Sent  of  Youth  Programming 

TVOntario 
Toronto,  Ontario 

Jim  Wilson 

Oklahoma  City,  Oklahoma 
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Appendix  C 
Student  Test 


^  ^  mechanical  energy  converter  changes 

9       8  a.  "lechantoal  energy  10  mec^^^^^^^  energy, 

la     6         b-  mechanica  energy  to  f       "Jj;°rtrical  or  fluid  energy. 

i  \\  *s;rd^eE» 

r  in  an  ahernator.  mechanical  energy  of  the  rotating  rotor  is  converted  to 
eieclrical energy.  An altemaloris  _  ^• 

AO     59  •  a.  a  mechanical  energy  converter 

OA     2  b.  a  fluid  energy  converter 

og  c.  an  electrical  energy  converter 

22  ji.  a  thermal  energy  converter 

example  ol  cxsnverting  -• 

89        *  a.  fluid  energy  to  mechanical  energy 

23  f  b.  fluid  energy  to  electrica  energy 


liuid  eriergy  to  another  form  of  fluid  energy 


35  2 

\\     6  d.  mTchanical  energy  to  fluid  energy 

1Tie  common  unH  of  themial  energy  in  the  SI  system  is  the . 


27  78  *  a.  calorie 

27  4  b.  watt  sec 

27  15  c.  joule 

-12  4  d.  Nm 


rTheoveralleWencyotanoil-nredbcjlerr^^^^^^^^ 
of  thermal  power  is  about  . — • 

14  35  a.  38% 

20  41  •  b.  50% 

48  19  c.  68% 

^5  6  d-  87% 

1-5              ,^  enerov  to  themial  energy. 

6.  An  inertia  welder  converts  _  .  energy  w 

27  44  *  a.  mechanical 

36  30  b.  fluid 

20  20  c.  electncal 

17  6  d.  heat  , 

28 


eia  Sasi 


4-2 

7, 


A  blmelalllc  sinp  bends  because 


rwhenaoaweso-heatene^a^abso^^^^^^^ 


o 


9       10  a.  60% 

28      60  b.  70% 


o 


on      12  c.  80% 

30        ig  .d.91% 


40      19  a.%EH  =  (Ein*Eout)>^-'00% 

13      4  b.%Eff»(EinXEo,t)x100% 

28      48  •c.%EH.(Eout*Ein)>^-'00°/° 


34      6  a.%E«.(Pout*Ein)x100% 

*•  b. 
c. 

2-2 
11.  A 


34      44  b.%Eff=  (Pout -Pin)  X  100°/° 

25      48  c.  %Eff=.(Pin*Pout)>^100% 

2-2 


42  54 


a  mechanical  to  fluid  energy  convertor 
94     32  b.  fluid  to  mechanical  energy  convertor 

li     ic  c  fluid  to  electrical  energy  convertor 

^5     1^  d.  mechanical  to  electrical  energy  convertor 

Which  of  the  devices  identified  below  is  a  ihermal  energy  convertor? 

27  32  a.  electric  motor 

gg  23  *  b.  heart  pacemaker 

20  2  c-  water  pump 

17  43  d.  Inertia  welder 


7.15 

29 


Era  Eflsi 


27 
27 
27 
12 


7 
41 
33 
19 


2-3 

13.  A  turbine  converts 

a  electricai  energy  to  thei<nal  energy 
»?:fySrgytoei^^^^^^^^^ 

c.  fluid  energy  to  niechanjal  en^^^^^^ 

d.  electrical  energy  to  fluid  energy 


description  on  trie  leu.  v-'*'  j 


c      57  1*4.  The  general  purpose  of  energy 
^  converters  is  to  convert  (D) 

oo  «;q  IS  The  purpose  of  a  Thermo-Photo 
22     59  1 5.  I  ne  pu  p        ngrator  as  an 

S  inverter  is  to  convert  (C) 


a.  mechanical  energy  to 
fluid  energy 

b.  electrical  energy  into 
mechanical  energy 

cheat  energy  into  electrical 
energy 

d.  one  form  of  energy  into 
another  form 

e.  mechanical  energy  to 
electrical  energy 

d.fluid  energy  into  mechan- 
ical energy 


32 
27 
15 
12 


20 
39 
37 
3 


26 
41 
32 
2 


15 
7 
41 
37 


mechanical  energy. 


19 


3-4 


a.  36  J/sec 

b.  72  J/sec 

c.  36  N  m 

d.  72Nm 

20  Ten  talowan  seconds  of  electrical  energy  the  same  as . 
electrical  energy. 

a.  10 

b.  100 

c.  1 .000 

♦  d.  10,000 


joules  of 
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to  final  output  is  


24  6 


electrical  to  mechanical  to  thermal 

P.     43        *  b.  eleSS  to  thermal  to  ['"id  to 
22  ♦homifli    electrica  to  thermal  . 

12*  Whichof  .ha  d.vi«sb.lowconvertselec.ricalenergy.o  thermal  energy? 


5-2  a-  automobile  alternator 

93        *  b.  soldering  iron 


ofs     4  c-  tufbine 

J  d.  windmill  generator 

11  The  revolving  blades  of  a  ventilator  Jan  pull  air  through  the  fan  and  push 
a?^l/  onthlotherside.  The  fan  blades  are  a.  ■ 

,0  A  a  mechanical  to  themial  energy  convertor 

21  la  b  fluid  to  mechanical  energy  convertor 

51  f  c.'  electrical  to  fluid  energy  convertor 

]|  43  •  d.  mechanical  to  fluid  energy  convertor 

t:  Whan  fluid  energy  is  converted  to  electrical  energy,  mechanical  energy 
jg  invovted. 

g       28  a-  sl^^ys 


28 


39        •  b.  sometimes 


30     4  c.  never 


run  the  motor  is__  — 

43     33  a.  200  watts 

?7      15  b.  278  watts 

9n  52  *  c. 400 watts 
10     I  d.  578  watts 

a.  10  joules  d.1000  J/sec 

b.  746  joules  e.  watt  sec 

c.  4.814  joules  f- 778  ft  lb 


22 

32 

26.  1  hp  (B) 

17 

48 

27.  1  joule  (E) 

17 

42 

28.  1kw(D) 

20 

43 

29.  10Nm(A) 

717 


Era  East 


27  33 

27  13 

27  4 

12  50 


27  9 

36  7 

20  48 

17  35 


0-6  .  ^  ^ 

30.  Bfidsocys the  measure  CT 


a.  outDUt  of  an  energy  convenor  and  may  exceed  100% 

■  d.  fh"e  «^pS^br^n  input  and  oulpu.  of  an  anarg,  convenor 
and  never  exceeds  100% 

31^.  An  electrical  energy  converter  changes 
relSSSlofdStT^of 

4SJis  • 


20  2  a.  25% 

39  9  b.  50% 

37  87  *  C.  75% 

f  2  d.  90% 


33'  The  conversion  of  electrical  energy  to  thermal  energy  into  a  heating  eler^^ent 
is  most  iikely  to  be 


s  most  iikely  to  be 

14  6  a-  near  10% 

20  17  b.  near  50% 

48  78  •  c.  near  90% 

17  1  d.  near  150% 


efficient. 


24  13  z-  20% 

22  43  *  b.  40% 

31  35  c.  60% 

20  9  d.  70% 
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Appendix  D 
Pretw.:1/Posttest  Means 


 ,  ^ — '  ; 

3456/ 

Teacher  ID  Number 
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Appendix  E 
Student  AttttLKle  Questionnaire 


All  numbers  In  % 

jjran  scores  In  parentheses 

Grade  {12th -83;  11th -12) 
Sex  (M»86;F-14) 

fifn  only  one  box  for  each  statement.   

 -T  Strpngfy 

^Sre'e^   Agree  Disagree*  -  Disagree 


UNIT  OBJECTIVES  (x.3.34) 
For  this  unit: 


12 


1.  the  objectives  helped  me  understand  v.'hat  I 

was  supposed  to  learn  (x=3.87) 
2  rm  glad  the  objectives  are  printed  in  the  written 

materials  (x-3.14) 
3.  I  used  the  objectives  to  guide  me  through  the  ^ 

material  (x-3.01) 
General  Comments  on  Unit  Objectives: 


88 
86 
84 


UNIT  CONTENT  (x-2.78) 
The  content  of  this  unit: 
4.  had  too  much  information  (x  =«  3.1 1 ) 

5  gave  examples  helpful  in  understanding 
■  concepts  (X-2.B2) 

6.  was  too  difficult  for  mo  to  understand  (x-2.25) 

7.  will  probably  be  useful  in  future  jobs  (x  »  2.94) 
General  Comments  on  Unit  Content: 


24 

66 

9 

1 

7 

69 

22 

1 

6 

25 

57 

12 

12 

72 

15 

1 

720 


63  13 


UNIT  VIDEO  (x-3.01) 

The  video  programs  for  this  unit 

8  helped  me  to  better  undafstand  the  text  gg        15  3 

■  material  (x  =  2.87)  . 

13        70  13 

9.  were  interesting  (X- 2.91) 

1 0.  used  easy  to  understand  graphics  (x  .  3.23)  35 

1 1 .  helped  me  to  achieve  the  unit  objectives  (x=3.05)22 
General  Comments  on  Unit  Video: 

UNIT  TEXT  (x-2.64) 

The  unit  text  materials: 

1 2  helped  me  to  achieve  the  unit  objec- 
tives (x-3.07) 

1-3  will  be  a  useful  reference  after  taking 
'  the  course  (x-3.01) 

1 4  used  language  difficult  for  me  to  under- 
stand (x-2.01) 

15.  had  enough  examples  to  help  me  understand 
the  important  concepts  (a--J.91) 

1 6  helped  me  to  understand  the  unit  con- 
cepts (x-2.24) 

General  Comments  on  Unit  Text: 
LABORATORY  ACTIVITIES  (x.2.46) 
The  unit  lab  activities: 


22 

64 

14 

18 

66 

16 

14 

71 

13 

1 

12 

71 

14 

3 

7 

23 

57 

13 

18.  were  difficult  (x»2.02) 

19  time  periods  v/er€  not  long  enough  to 
complete  the  ViOJU  (x  -  2.48) 

20.  in  general,  I  liked  them  (x  »  2.50) 
General  Comments  on  Laboratory  Activities: 


12 

67 

19 

3 

14 

72 

12 

1 

11 

48 

22 

19 

19 

28 

38 

15 

35 


strongly  Strongly 
Agrw    Agree  Disagree  Disagree 


UNIT  DIFFICULTY  (x-2.39) 
For  this  unit: 

21 .  some  of  tfie  tilings  we  were  expected  to 
learn  were  just  too  iiard  (x  »  2.93) 

22  I  had  trouble  reading  the  unit  text  mate- 
rials (x-2.30) 

General  Comments  on  Unit  Difficulty: 


19 
15 


33  30 
52  19 


19 
13 


STUDENT  SATISFACTION  (x-2.64) 
For  this  unit: 

23. !  usually  had  a  sense  of  satisfaction  after 
leaving  class  each  day  (x  »  2.28) 

24. 1  did  not  like  coming  to  class  (x  »  2.81) 

25. 1  would  recommend  it  to  my  friends  (x  =  2.85) 

General  Comments  on  Studen*  Satisfaction: 


4 

30 

56 

10 

3 

28 

55 

41 

15 

57 

27 

1 
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Appendix  F 
Teacher  Questionnaire 


N-7 


accomplish  these  objectives. 
».o.  — ^^^^ 


—  —  Strongly 

X"!^   Agree  Disagree  Disagree 


UNIT  OBJECTIVES 

The  unit  objectives: 

1.  assist  me  in  assessing  student  progress 

2.  don't  reflect  what  the  unrt  is  designed  to  teach 

3.  help  me  determine  what  to  teach 

4.  are  presented  in  logical  order 
General  Comments  on  Objectives: 

See  attached  comments 


4 
4 


2 
2 


UNIT  INSTRUCTIONAL  ACTIVITIES 

The  unit  instructional  activities: 

5.  are  related  to  unit  objectives 

6.  are  presented  in  the  correct  sequence 
7  require  a  reading  level  that  is  too  ditficutt 

for  most  students 
General  Comments  on  Instructional  Activities: 
See  attachad  comments 


3 
2 


3 
3 


7^ 


o 

kJ 


Agree    Agree  Disagrea  Disagree 


4  1 


UNlTCONTsNT 

The  unit  content: 

—  —  5 

8.  was  too  detailed 

9.  was  presented  at  the  proper  level  of  difficulty      1  5 

1 0.  contained  examples  that  were  helpful  to  students 
in  their  understanding  of  unit  concepts 

1  4  1 

11.  contained  enough  examples 

1 2.  provided  enough  summaries  of  important  points  1 

13  provided  enough  information  that  will  be  useful 
for  studants  In  their  future  employment  2 

General  Comments  on  Unit  Content 
See  attached  comments 


PERCEPTIONS  OF  INSTRUCTIONAL  PLANNING 

14.0naverage.how  many  hours  did  you  spend  preparingtoteach  each  lesson  in  this  unit7(60 
minutes) 

15.  Approximately  how  much  ,im.,  on  average  did  you  expect  students  to  spend  on  homework 
each  day? 

[1  ]  About  one  hour 
[   INone       .  .  ^  r   1  Two  hours  or  more 

[1  ]  About  15  mintues  i  ' 

[4  ]  About  half  an  hour 

,6.  Whatpercentage  of  students  typical^  collated  yourhomeworkassignmentstor  Wsun« 

[1  ]  Fewer  than  25%  pi  ^yj^  and  above 

[31  26-49%  ' 
1 7.  What  percentage  of  students  typ'^ally  collated  your  homework  assignments  (or  other 
courses  that  you  teach? 

[21  50-74% 

[21  Fewer  than  25%  ,  750/,  and  above 

[21 26-49%  ^  ' 
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724  ' 

38 


18.  Do  you  feel  the  teachefs  guide  material  provided  you  with  enough  information help  you 
teach  the  unit? 

piOefinHeJy  l11Probab^y  [3]  Probably  not  H  Definitely  not 
li  not.  what  should  be  added  to  the  guide  to  make  it  more  useful? 
See  attached  comrmnts 

1 9.  Based  on  your  experiences,  do  you  think  the  6-day  plan,  per  subunit.  of  50-minute  class 
sessions  is  realistic  for  this  unit? 

20.  Overall,  did  you  feel  comfortable  teaching  the  materials  in  this  unit? 

,991  Yec  HefinHelv  I    1     Pfo^abiy  not 

[5fVIl.%oS^^^^  I  INcdefinrtelynot 

if  no.  please  explain: 
See  attached  comments 

21 .  What,  if  anything,  caused  you  the  most  problems  in  teaching  this  unit? 
See  attached  comments 

22.  What  did  you  like  the  most  «n  teaching  this  unit? 
See  aiiached  con„nents 

General  Comments  on  Perceptions  of  Instiuclional  Planning: 
See  attached  comments 

23.  Did  you  teach  this  unit  on  consecutive  days  for  26  days? 
[11  Yes   [51  No 

If  no.  what  pattern  did  you  use  (for  examples,3  days  a  week)? 
See  attached  comments 

24.  How  much  time  per  class  session  did  you  devote  to  this  unit? 

[31 50  mirrtues  or  less  H 

[11 51-60  minutes  W  yi+ minuies 

25.  DkJ  you  combine  any  of  the  unit's  classes  into  one  session  (for  example,  teach  classes  CI 
and  C2  in  one  session)? 

[11  Yes  I5]hto 

If  yes.  whtoh  classes  did  you  combine? 
See  attached  comments 
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26  Were  there  any  special  circumstance.s  which,  in  your  opinion,  may  have  influenced  the  pre- 
or  posttest  scores  (e.g..  lack  of  time,  faulty  lab  equipment,  school  holidays,  fire  drill)? 

See  attached  comments 
General  Comments: 

See  attached  comments 


726 

40 


Teaehev'  Questionnaire  Comments 
General  Comments  on  Objectives 

no  commdnts 
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41 


727 


Genera!  Comments  on  Instructional  Activities 


Weil  selected.  (#30) 

n  appears  that  tlie  labs  are  misplaced.  (#38) 


728 

42 


Genera!  Comments  on  Unit  Content 


789 

43 


Question  18  Comniients 


DO  voufeeJ  the  teachei'ssuWsmaterialprovlded  you  wHh  enough^ 
theriHf  rS,S«t  shoSw  baadded  tothe  gukteto  make  rt  more  useful? 

1 .  Units  1  -7  decidedly  better  than  Unit  1 0.  (#30) 

2.  Explain  how  converters  are  used  in  industry  besides  automobile.  (#25) 

3.  Make  it  more  detailed  and  do  not  assume  we  have  the  same  core  of  knowledge.  (#37) 


44 

730 


Question  20  Comments 


OvemI!.dIdyoufee!oomfort^teteachlngtl^material8lnthlsunH7«^ 
1.  Lecture,  lecture,  math  lab  is  an  ineffective  technique.  (#30) 


45 
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Question  21  Comments 


ERIC 


Whal.HanytWng.causedyouthe  most  problems  in  teaching  this  unR? 

1.  Sargent-Weich  Company.  (#30) 

2.  No  major  problems.  (#25) 

3.  Could  not  get  iab  equipment  from  suppliers.  (#78) 

4.  No  equipment.  (#38) 

5.  No  lab  equipment.  (#37) 

6.  Moretimewasnecessaryto  prepare  in  some  cases.  This  was  primarily  because  of  my 
limited  background  in  math.  (#36) 

7.  Equipment.  (#13) 


46 

732 


Question  22  Conrimenls 


Wha»  dW  you  nke  most  In  teaching  this  unit? 

1.  CORD/AIT  materials  continue  to  be  interesting  and  useful.  (#30) 

2.  Examples  were  easy  to  relate  to.  (#25) 

3.  liTie  math  is  very  challenging.  (#38) 

4.  The  math  labs.  (#37) 

5.  I  didn't  hava  any  specific  likes  or  dislikes.  (#63) 

6.  Material  content  was  t.<citing  to  me.  (#78) 

7.  Math  referring  to  physics.  (#13) 


"  ■  733 


General  Comments  on  Perceptions  of  Institictlcinal  Planning 
Good  job.  (#78) 

Very  good  tor  teaching  the  concept.  (#13) 


7.34 

48 


Question  23  Comments 


0.  d,a..~cMW.un«cncon«cu.^»da„torJ6d=,.7»no,wMpa«.md«,o.u..(.o, 

example,  3  days  a  week)? 

1.  Daily  double  periods,  alternative  weeks.  (#30) 

2.  Tool<35daystocon.pIete.  (#78) 

3.  Twodaysaweelt  (#13) 


ERIC 


Question  25  Comments 


Did  you  comblna  any  of  the  unit's  classes  Into  one  session  (for  example,  teach  classes  C1  and  C2 
In  one  session)? 

1    CO  C1.C2,M/S.  Due  to  tack  of  equipment,  we  tried  to  altemjetecture-de 
*  math  taJ3  activities.  84  minutes  typically  given  to  math  tabs.  (#30) 

2.  Thera  was  some  overiap  in  general.  That  is.  if  C1  was  too  short  we  would  start  C2  before  the 
class  period  was  over.  (#36) 

3.  Labs  and  CI  andC2.  (#13) 


50  736 


Questfon  26  Comments 


the  exam)? 

1    No  lab  equipment.  (#38) 

^  Acc,dental.lrod*durtngpos«e«.  Most sn,den.s were .inishedb,. he  evaa.a,ion .^nal. 
(#30) 

3.  Two  Students  were  absent  on  day  posttest  taken.  (#78) 


737 

51 


General  Comuierrts 


Liked  this  book.  (#25) 

One  student  suggested  that  an  index  would  be  helpful:  I  agree.  (#35) 

0,  purchase  o?*  sorm  of  the  Jere,  ?J;,;';'J3S|\''Jp'p|i„  g  ,aiK  and  promises  but 

better  job  could  be  done.  (#36) 
Very  well  presented.  (#13) 


73S 

52 


Appendix  G 
Unll  Daily  Log 


All  numbers  in% 
Nt.6 


chart. 

For«>!umns1-5on«.0attachedchart:  •  ^ 

a.  dr.,  -r  ,y.s,  or-N-  (no,:  Were  ,o.  able  .0  c-verthe  conten.  in  .ha  50..inu,e  „™ 
period? 

3.  Bdeflydescnbeanyarro-sorinaoouracieslnthematerlal. 


o  "  7.3  s 


Appropriale 
for  students? 


Completed  in 
50-60  minutes? 


Do  you  have  any  suggested 
in  the  appropriate  spaces  t>etow.  I  spaces  betow^ 


specify  in  the  appropriate 
spaces  below. 


Did  you  have  any  management 
problems?  If  so,  please  specify 
in  the  appropriate  spaces  t>elow. 


Do  you  have  any  suggested 
modificalions  or  genera! 
comments?  if  so,  please 
specify  in  the  appfopnaie 
spaces  below. 


K  74^: 
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Did  you  have  any  management 
proljlems?  If  so,  please  specify 
in  the  appropriate  spaces  below. 


Do  you  have  any  suggested  mc 
ilicalions  or  general  comments 
If  so,  please  spedfy  in  the  app« 
priate  spaces  below. 


I 


0 


t  I 

It  ,  . 


Appropriate 

Completed  in 
50-60  minutes? 

Did  you  discover  any  errors  or 
inaccuracies?  If  so,  please 
specify  in  t»v3  appropriate 
spaces  below. 

Did  you  have  any  management 
problems?  li  so,  please  specily 
in  the  appropriate  spaces  below. 

Do  you  have  any  suggested  mc 
ilications  or  genera!  coiruneats* 
li  so,  please  specify  in  the  appri 
pfiate  spaces  below. 

itni)  forstuder^ts? 
THERUAL 

Lab  10  /  ' 
100 

Y  N 
100 

Lab  10*8            Y  N 

100 

Y  N 
100 

SUMMARY 

Video                Y  N 
100 

WW    f  i'% 

t 
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Unit  Daily  Log  Comments 


Overview— Video 

Did  you  discover  any  errors  or  inaccuracies? 
no  commants 

Did  you  have  any  management  problems? 
1.  For  some  reason,  very  high  attention  rate  on  this  video.  (#30) 

Do  you  have  any  suggested  modifications  or  general  comments? 

no  comments 


54 


Overview^-CO 


Did  you  discover  any  errors  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 
no  comments 

DO  you  have  any  suggested  modifications  or  general  comments? 
1.  Not  having  an  T  choice  on  the  pretest  sheets  is  a  little  inconvenient.  (#35) 


er!c 


Mechanical-^VIdeo 

Did  you  discover  any  errora  or  .fiaccuracies? 
1  Thebarometricpressuregaugeisnotavacuumtank.  It  would  collapse, 
neutral  pressure  inside.  (#25) 

Did  you  havo  any  management  problems? 
no  commenls 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


Mechanical— CI 

Did  you  discover  any  cnors  or  Inacct 
no  comtnents 

Did  you  haw  any  mar.iagen>5nt  proWetr^s? 
no  cotntnents 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  convnents 


ERIC 


57 


Mechanical— C2 


Did  you  discover  any  errors  or  Inaccuracies? 
no  coinin9nts 

Did  you  have  any  management  problems? 
no  cdminents 

DO  you  haveanysuggested  modifications  orgeneral  comments? 
no  comments 


ERIC 


752 


Mechanical— Mathematics  Lab 


Did  you  (Sacover  any  errora  or  Inaccuracies? 

1.  ,.n,sorry--ldidn1wrfteHdownbut!thinkthereweretypingerrorsarxi/ordecimaler^^^^  (#37) 


Did  you  have  any  nianagenjent  problems? 

1.  Used  about  30  or  45  minutes  more  time.  (#38) 


2.  Without  equipment  to  test  labs,  tl.are  is  no  motivation  to  read  three  math  labs.  (#30) 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


59 

O 
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Mechanical-Lab  lO-l 


Did  you  dlscovt:  any  eirore  or  Inaccuracies? 
no  comments 

Did  you  discover  any  management  problems? 
1.  No  equipment.  (#38) 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


60 

754 


Mechanical-Lab  10*2 


Did  you  discover  any  eirors  or  Inaccuracies? 
no  comtnents 

Old  you  have  any  management  problems? 
1.  No  equipment.  {#30/ 

DO  you  h2ve  any  suggested  modifications  or  general  comnients? 
no  coiTvnBnts 


ERJC 
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735 


F!ui(i--Vldeo 


Did  you  discover  any  erors  or  :.iac5curac5es? 
no  comments 

D!d  you  have  any  management  problems? 
no  comments 

DO  you  have  any  suggested  modifications  or  genera!  comments? 
no  comments 


756 

62 


F!uid-C1 


Did  you  discover  any  eirors  or  inaccuracies? 
no  coiTJments 

Did  you  have  any  management  problems? 
no  comments 


Do  you  have  any  su! 
no  comments 


ggesled  modifications  or  general  comments? 


f  O  ( 

63 


Flu!d-C2 

Did  you  discover  any  eiTOfs  or  Inaccuracies? 
no  comments 

Did  voci  have  any  management  problems? 
no  comments 

DO  you  tevc  any  assested  modincatlons  oi-  general  comments? 

1 .  MHD  discussion  agood  place  .0  imroduce  the techn-.al  lerms  -oalalysf  In  reference 
totheoiganicliquid.  (#30) 


64  758 

O  > 
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nuid-MathematicsLab 

Old  you  discover  any  enore  or  Inaccuracies? 
1.  Check  for  decimal  errors.  (#37) 

Did  you  have  any  managemant  prcbiems? 

1 .  Lack  of  equipment  allowed  extra  time  for  math  labs.  (#30) 

2.  Used  30+ minutes  or  I  nore.  (#38) 

Doyou  haveany  suggerfed  modifications  or  general  comments? 
no  comments 


Fluid-Lab  10*3 


Oldyou  discover  any  enx»sor  inaccuracies? 

no  comments 
Did  ycu  ha«  any  management  problems? 

1.  Couldnotconductthelabbecauseofequipmentshortage.  (#78) 

2.  No  equipment.  (#38) 

3.  No  equipment.  (#30) 


Do  you  have  an^ 

no  cOi'ninents 


ly  suggested  modifications  or  genera!  coniments? 


66 
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Dldyou  discover  any  errors  or  Inaccuracies? 
no  cornments 

Did  you  have  any  management  problems? 

1.  Poor  iabresuKs  because  of  equipment  limitations.  (#78) 

^.  No  equipment.  (#30) 
3.  No  equipment.  (#38) 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


:  67 

Er|c  761 


Elecirical— Video 

Did  you  discover  snyerrera  or  Inaccuracies? 
no  comments 

Did  you  have  any  ma.iagement  problems? 
no  comments 

DO  ycu  have  any  suggested  modifications  or  general  comments? 
no  comments 


68  762 


Eledrical-CI 


Did  you  discover  any  enore  or  inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 
no  comments 

DO  you  have  any  suggested  modificatioa^  or  general  comments? 
no  comments 


763 


EledricaM:2 


Did  you  discover  any  errors  or  Inaccu racies? 
no  comments 

Dldyouhaveanymanagementproblems? 

no  comments 


Do  you  have  any 

no  comments 


suggested  modifications  or  general  comments? 


70 
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Etedrical-Malhematics  Ub 

Did  you  discover  any  eirora  or  Inaccuracies? 
1.  Check  for  typos,  etc.  (#37) 

Did  you  have  any  management  problents? 
1.  Used  30-^  minutes  or  more.  (#3fc^ 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


Electrical— Lab  10*5 


Did  you  dscover  any  errore  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

1.  No  equipment.  (#38) 

2.  Steam  engine  not  big  enough.  (#78) 

3.  No  equipment.  (#30) 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


72 


Electrical-Ub10*6 


DWyoudlsccveranyenoraorlnaccuracfe.? 

no  cofT^fTients 

Didyou  have  any  managementproblems? 

1.  No  equipment.  (#30) 

2.  No  equipment.  (#38) 

3.  Could  not  do:  no  equipment.  (#78) 


Do  you  have 

no  comments 


any  suggested  modifications  or  general  comments? 


73  7(57 


Theimal— video 


Did  you  discover  any  ernora  or  Inaocuracfes? 
no  comments 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
1.  steam  engine  segment  too  long  and  talky.  (#30) 
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Therma^-C1 


DidyoucflscoveranyemDrsorlna(xur«^^^ 
no  comments 

DW  you  have  any  management  problems? 
no  comments 

DO  you  have  any  suggested  modifications  or  general  comn^ents? 
no  comments 


75 


ThefmaM;2 


Did  you  discover  any  enors  or  Insccuracies? 
no  comments 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 


76 


Thertnal-Mathemallcs  Lab 

Did  you  discover  any  errora  or  Inaccuracies? 
1.  Check  for  fina  tuning.  (#37) 

Did  you  have  any  management  problwns? 

1.  Extra  time  used  for  math  lab.  (#30) 

2.  Used  30+ minutes  or  more.  (#38) 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  (xmmBnts 


V 
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Thermal-Ub  10*7 

Didyou  discover  any  emjts  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

1.  No  equipment.  (#78) 

2.  No  equipment.  (#30) 

3.  No  equipment.  (#38) 

DO  you  have  any  suggested  modifications  or  general  comments? 
no  comments 
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Thermal-Ub  10*8 

Did  you  discover  any  enora  or  inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 

1.  No  equipment.  (#78) 

2.  No  equipment.  (#38) 

3.  No  equipment.  (#30) 

BO  you  hav.  any  suggMted  modlMlona  or  general  commenls? 
,   The  lab  repo.,  as  on  page  19  is  a  v.ort^Me  and  necessary  aCivU,.  especially  .0, 
second  year  Students.  (#35) 
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Summary— Video 


Did  you  discover  any  errors  or  Inaccuracies? 
no  comments 

Did  you  have  any  management  problems? 
no  comments 

Do  you  have  any  suggested  modifications  or  general  comments? 
no  comments 
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